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Third Edition 


T! invented the Integrated Circuit, The Microprocessor, and the Microcomputer, which have made T! synonymous with 
reliability, affordability, and compactness. The products in this book carry on TI‘s tradition of technology leadership. - 


This data book describes a series of high-complexity bipolar digital building blocks designed specifically for implementing 
high-performance computer or controller systems. The series offers the system designer maximum flexibility for achieving 
cost-effective hardware designs from dedicated, highly specialized unique systems with tailored instructions to general-purpose 
computers capable of emulating existing machine instructions, or programs, without loss of software investment. 


In addition to a choice between a high-performance Schottky-clampedt TTL 4-bit-slice processor element and a 16-bit com- 
puter central processing unit (CPU), the system designer can pick from a new expanded family of Schottky TTL memories 
(RAMs, PROMs, and FIFOs), and state-of-the-art support functions needed to meet all control and interface requirements. 


The SN74LS481 and the SN74S481, with typical clock cycle times of 90 ns, feature automatically sequenced iterative 
multiply, divide, and cyclical-redundancy algorithms to simplify system design. Design is also simplified at a very low package 
count when the expandable SN54S482/SN74S482 4-bit-slice controller is used to generate next-address functions. 


The SBP9900A microprocessor, a ruggedized, monolithic, 16-bit parallel I2L central processing unit (CPU), combines an 
advanced memory-to-memory architecture and a powerful minicomputer instruction set with the simplicity of a single 
power supply and static logic with a single-phase clock to thrust its capabilities beyond those of existing microprocessors. 


The SBP9989 microprocessor is the most recent addition to the SBP9900 I2L family, the military 16-bit solution to meeting 
the complex tasks of the eighties. With designed-in multiprocessor support, new signal functions and instructions, and in- 
creased speed, the SBP9989 extends the 9900 performance level and provides reliability in ean environments — the key to 
all SBP9900 family members. 


The family of high-performance Schottky TTL memories offers a wide variety of organizations providing efficient solutions 
for virtually any size micro-contro! or program memory application. A new expanded family of bipolar PROMs (including 
standard, low-power, power-down, and registered versions) has dictated a new numbering system to encompass new device 
types. Redesigned lower density PROMs now offer up to 20% faster maximum address access times and reductions of as 
much as 35% in power consumption. Tl’s popular 1K, a Low-Power 2K, two 512 X 8 4K’‘s, and the 1024 X 8 24-Pin 8K 
PROMs are being followed by a 16K PROM with a typical address access time of 35 ns. 


Included in this volume is a Functional Index to all bipolar digital device types available or under development showing the 
available technologies for each type (Standard TTL, Schottky, Low-Power Schottky, Advanced Low-Power Schottky, Ad- 
vanced Schottky, etc.). Logic symbols prepared in anticipation of IEEE Std. 91-1982 and pin assignments for all bipolar 
devices are shown in this data book with typical performance data and chip carrier information where applicable. These 
additions to the data book should prove helpful to design and component engineers by providing ready access to Tl’s full 
line of bipolar digital device types and technologies. ! 


This volume offers design and specification data for bipolar computer components. Complete technical data for any T! semi- 
conductor product is available from your nearest TI field sales office, local authorized T1! distributor, or by writing direct to: 


Marketing and Information Services, Texas Instruments Incorporated, P. O. Box 225012, MS 308, Dallas, Texas 75265. 


We sincerely hope you will find the BIPOLAR MICROCOMPUTER COMPONENTS DATA BOOK a eeeceaney addition to 
your technical library. 


Tt Integrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments. U.S. Patent Number 3,463,975. 
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This alphanumeric index includes only those Tl products for which data sheet specifications are included in this book. The 
Functional Index, Section 6, and the Product Guide, Section 8, include some basic information on all current T1 bipolar 
digital-logic products. For detailed specifications on bipolar digital-logic products not contained in this book, see the latest 
version of The TTL Data Book for Design Engineers. 
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INTRODUCTION 


This glossary consists of two parts: (1) general concepts for digital circuits including types of bipolar memories and (2) 
operating conditions and characteristics (including letter symbols). Some of the terms, symbols, abbreviations, and defi- 
nitions used with memory integrated circuits have not, as yet, been standardized. These are currently under considera- 
tion by the EIA/JEDEC (Electronic Industries Association) and the IEC (International Electrotechnical Commission). 
The following are as consistent with the past and future work of these organizations as is possible to anticipate at this time. 


PART | — GENERAL CONCEPTS INCLUDING TYPES OF BIPOLAR MEMORIES 
Chip-Enable Input 


A control input that when active permits operation of the integrated circuit for input, internal transfer, manipulation, 
refreshing, and/or output of data and when inactive causes the integrated circuit to be in a reduced-power standby 
mode. 

NOTE: See “‘chip-select input”. 


Chip-Select Input 


A gating input that when inactive prevents input or output of data to or from an integrated circuit. 
NOTE: See ‘‘chip-enable input”. 


Dynamic (Read/Write) Memory 


A read/write memory in which the cells require the repetitive application of control signals in order to retain stored 
data. | 
NOTES: 1. The words “read/write” may be omitted from the term when no misunderstanding will result. 

2. Such repetitive application of the control signals is normally called a refresh operation. 

3. Adynamic memory may use static addressing or sensing circuits. 

4. This definition applies whether the control signals are generated inside or outside the integrated circuit. 


First-In First-Out (FIFO) Memory 


A memory from which data bytes or words can be read in the same order, but not necessarily at the same rate, as that 
of the data entry. 


Gate Equivalent Circuit 


A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number of 
individual logic. gates that would have to be interconnected to perform the same function. 


Large-Scale Integration, LS! 
A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this 
context a major subsystem or system, whether digital or linear, is considered to be one that contains 100 or more 
equivalent gates or circuitry of similar complexity. 


Mask-Programmed Read-Only Memory 


A read-only memory in which the data content of each cell is determined during manufacture by the use of a mask, the 
data content thereafter being unalterable. 
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Medium-Scale Integration, MSI 
A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem or 
system is smaller than for LSI, but whether digital or linear, is considered to be one that contains 12 or more equivalent 
gates or Circuitry of similar complexity. 


Memory Cell 


The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it is or can be 
stored, and from which it can be retrieved. 


Memory Integrated Circuit 


An integrated circuit consisting of memory cells and usually including associated circuits such as those for address 
selection, amplifiers, etc. 


Output-Enable Input 


A gating input that when active permits the integrated circuit to output data and when inactive causes the integrated 
circuit output(s) to be at a high impedance (off). 


Programmable Read-Only Memory (PROM) 
A read-only memory that after being manufactured can have the data content of each memory cell altered once only. 
Random-Access Memory (RAM) 
A memory that permits access to any of its address locations in any desired sequence with similar access time for each 
location. 
NOTE: The term RAM, as commonly used, denotes a read/write memory. 
Read-Only Memory (ROM) 
A memory in which the contents are not intended to be altered during normal operation. 
NOTE: Unless otherwise qualified, the term “‘read-only memory” implies that the content is unalterable and defined 
by construction. 


Read/Write Memory 


A memory in which each cell may be selected by applying appropriate electronic input signals and the stored data may 
be either (a) sensed at appropriate output terminals, or (b) changed in response to other similar electronic input signals. 


Small-Scale Integration, SSI 
Integrated circuits of less complexity than medium-scale integration (MSI). 
Very-Large-Scale Integration, VLSI 


A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a system, whether 
digital or linear, is considered to be one that contains 3000 or more gates or circuitry of similar complexity. 


Volatile Memory 


A memory the data content of which is lost when power is removed. 
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PART Il - OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS) 


The symbols for quantities involving time use upper and lower case letters according to the following historically 
evolved principles: 


a. Time itself, is always represented by a lower case t. 


b. Subscripts are lower case when one or more letters represent single words, e.g., d for delay, su for setup, rd 
for read, wr for write. 





Cc. Multiple subscripts are upper case when each letter stands for a different word, e.g., SR for sense recovery 
and PLH for propagation delay from low to high. 


Access Time (of a memory) 


The time between the application of a specified input pulse during a read cycle and the availability of valid data signals 
at an output. 


Example symbology: 


ta(ad) Access time from address 
ta(E) Access time from chip enable 
ta(S) Access time from chip select 


Clock Frequency 


Maximum clock frequency, f max 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence while 
maintaining stable transistions of logic level at the output with input conditions established that should cause changes 
of output logic level in accordance with the specification. 


Current 


High-level input current, Ij 
The current into” an input when a high-level voltage is applied to that input. 


High-level output current, 1OH 
The current into” an output with input conditions applied that according to the product specification will establish a 
high level at the output. 


Low-level input current, I, L 
The current into” an input when a low-level voltage is applied to that input. 


Low-level output current, lo | 
The current into* an output with input conditions applied that according to the product specification will establish a 
low level at the output. 


Off-state output current, IQ(o#f) 

The current flowing into” an output with input conditions applied that according to the product specification will 
Cause the output switching element to be in the off state. 

Note: This parameter is usually specified for open-collector outputs intended to drive devices other than logic circuits. 


*Current out of a terminal is given as a negative value. 
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Off-state (high- impedance- -state) output current (of a three-state output), 1Oz 
The current into” an output having three-state capability with input conditions applied that according to the product 
specification will establish the high-impedance state at the output. 


Short-circuit output current, los 
The current into” an output when that output is short-circuited to ground (or other specified potential) with input 
conditions applied to establish the output logic level farthest from ground potential (or other specified potential). 


Supply current, Icc 
The current into” the Vcc supply terminal of an integrated circuit. 


Cycle Time 


Read cycle time, te(rg) (see note) 
The time interval between the start and end of a read cycle. 


Read-write cycle time, te(rd,wr) (see note) 
The time interval between the start of a cycle in which the memory is read and new data are entered, and the end of 
that cycle. 


Write cycle time, te(wr) (see note) 

The time interval between the start and end of a write cycle. 

NOTE: The read, read-write, or write cycle time is the actual interval between two impulses and may be insufficient 
for the completion of operations within the memory. A minimum value is specified that is the shortest time in 
which the memory will perform its read and/or write function correctly. 


Hold Time 


Hold time, th 

The interval during which a signal is retained at a specified input terminal sei an active transition occurs at another 

specified input terminal. 

NOTES: 1. The hold time is the actual time between two events and may be insufficient to accomplish the intended 
result. A minimum value is specified that is the shortest interval for which correct operation of the logic 
element is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest interval 
(between the release of data and the active transition) for which correct operation of the logic element is 
guaranteed. 


Output Enable and Disable Time 


Output enable time (of a three-state output) to high level, tp2} (or low level, tpzL) 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to the defined high (or low) level. 


Output enable time (of a three-state output) to high or low level, tpzx 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to either of the defined active levels (high or low). 


Output disable time (of a three-state output) from high level, tpzy7 (or low level, tpi.z) 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 


three-state output changing from the defined high (or low) level to a high-impedance (off) state. 


*Current out of a terminal is given as a negative value. 
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Output disable time (of a three-state output) from high or low level, tpxz 
The propagation delay time between the specified reference points on the input and output voltage waveforms with the 
three-state output changing from either of the defined active levels (high or low) to a high-impedance (off) state. 


Propagation Time 


Propagation delay time, tpp 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from one defined level (high or low) to the other defined level. 


Propagation delay time, low-to-high-level output, tpLH 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined low level to the defined high level. 


Propagation delay time, high-to-low-level output, tpHL 
The time between the specified reference points on the input and output voltage waveforms with the output changing 
from the defined high level! to the defined low level. 


Pulse Width 


Pulse width, ty 
The time interval between specified reference points on the leading and trailing edges of the pulse waveform. 


Example symbology: 


twicl) Clear pulse width 
tw(wr) Write pulse width 


Recovery Time 


Sense Recovery time, tsp 
The time interval needed to switch a memory from a write mode to a read mode and to obtain valid data signals at the 


output. 
Release Time 


Release time, trelease 

The time interval between the release from a specified input terminal of data intended to be recognized and the 
occurrence of an active transition at another specified input terminal. 

Note: When specified, the interval designated “‘release time” falls within the setup interval and constitutes, in effect, a 
negative hold time. 


Setup Time 


Setup time, tsy 

The time interval between the application of a signal that is maintained at a specified input terminal and a consecutive 

active transition at another specified input terminal. | 

NOTES: 1. The setup time is the actual time between two events and may be insufficient to accomplish the setup. A 
minimum value is specified that is the shortest interval for which correct operation of the logic element is 
guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the longest interval 

(between the active transition and the application of the other signal) for which correct operation of the 
logic element is guaranteed. 
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Transition Time 


Transition time, low-to-high-level, tTLH 
The time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing from 
the defined low level to the defined high level. 


Transition time, high-to-low-level, tTHL 
The time between a specified high-level voltage and a specified low- level voltage on a averetoun that is changing from 
the defined high level to the defined low level. 


Voltage 


High-level input voltage, Vip 

An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary 

variables. 

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which operation of the 
7 logic element within specification limits is guaranteed. 


High-level output voltage, Voy 
The voltage at an output terminal with input conditions applied that according to the product specification will 
establish a high level at the output. 


Input clamp voltage, V| K 
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage swing. 


Low-level input voltage, Vi 
An input voltage level within the less positive (more negative) Sie the two ranges of values used to represent the binary 
variables. 


NOTE: A maximum is specified that is the most positive value of low-level input voltage for which opsravon of the — 


logic element within specification limits is guaranteed. 


Low-level output voltage, VoL 
The voltage at an output terminal with input conditions applied that according to the product specification will 
establish a low level at the output. 


Negative-going threshold voltage, VT— 
The voltage level at a transition-operated input that causes operation of the logic element eroreng to specification as 
the input voltage falls from a level above the Posen’: going threshold voltage, VT+. 


Off-state output voltage, VO(off) 

The voltage at an output terminal with input conditions ssaied that according to the product spectrication will cause 
the output switching element to be in the off state. 

Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 


On-state output voltage, VO(on) 

The voltage at an output terminal with input conditions applied that aceprcing to the Product speriicaen will cause 
the output switching element to be in the on state. a 

Note: This characteristic is usually specified only for outputs not having internal pull-up elements. 


Positive-going threshold voltage, VT+ 
The voltage level at a transition- operated input that causes operation of the logic element eee to specification as 
the input voltage rises froma level below the negative-going threshold voltage, VT— 
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AG arithmetically greater than 

Al address input port 

ALU arithmetic logic unit 

AO address output port 

BLWP branch and load workspace pointer 
CCO counter-carry output 

C clock input (PROMs) 

CE chip enable 

CIN carry in 

CL clock 

CLK clock 

CLA carry look-ahead 

CLR clear 

COUT carry out 

CPU central processing unit 

CRC cyclic redundancy check 

CRU communications register unit 
CRUIN data input to CPU for CRU input operations 
CRUOUT data output from CPU for CRU output operations 
CRUCLK CRU-enable signal from CPU for CRU output operations 
DBIN data bus input 

DO data output port 

DMA direct memory access 

DP double precision 

E asynchronous chip enable 

EO equal to 

FPLA field-programmable logic array 
G asynchronous output enable 
INCMC increment memory counter 
INCPC increment program counter 
INT interrupt 

1/0 input or output 

IP intermediate position 
INTREQ interrupt request 

LG logically greater than 

LCIR left circulate 

LD load 

LDCR load CRU 

LSA left-shift arjthmetic 

LSB least-significant bit 

LSL left-shift logical 

LSP least-significant position 
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MC 
MEMEN 
MSB 
MPX 
MSP 
MUX 
NC 

OE 

OV 


PC 
PLA 
POS 
RCIR 
RSA 
RSL 
RTWP 


SBZ 


SBO 
SP 

ST 
STCR 
TB 
WR 
WE 
XOP 
XWR 


Additional mnemonics or acronyms specifically relating to SBP 9900A instructions are found on pages 4—24 and 4—26. 


memory counter 
memory enable 
most-significant bit 
multiplex 
most-significant position 
multiplexer 

not connected 

output enable 

overflow 


program counter 

programmable logic array 

relative position control (MPS, IP, or LSP) 
right circulate 

right-shift arithmetic 

right-shift logical 

return workspace pointer instruction 


asyncronous chip select 
set bit to zero 


set bit to one 

single precision 

status register 

store CRU 

test bit 

working register 

write enable 

extended operation instruction 
extended working register 
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The following symbols are used in function tables on TI data sheets: 


= high level (steady state) 
= low level (steady state) 


= transition from low to high fevel 





= transition from high to low level 

= value/level or resulting value/level is routed to indicated destination 

= value/level is re-entered 

= irrelevant (any input, including transitions) 

= off (high-impedance) state of a 3-siate-output 

h = the level of steady-state inputs at inputs A through H respectively 

= level of Q before the indicated steady-state input conditions were established 

= complement of Qg or level of © before the indicated steady-state input conditions were established 
= level of Q before the most recent active transition indicated by | or t 


one high-level pulse 


CIegeryxdiccrs 
It 


= one low-level pulse 


TOGGLE = each output changes to the complement of its previous level on each active transition indicated by 
1 or t. | 


If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid when- 
ever the input configuration is achieved and regardless of the sequence in which it is achieved. The output persists so 
long as the input configuration is maintained. 


If, in the input columns, a row contains H, L, and/or X together with t and/or J, this means the output is valid when- 
ever the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, Qo, or Oo), it persists so long as the steady-state input levels and the 
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse, J Lor L_I, the pulse 
follows the indicated input transition and persists for an interval dependent on the circuit.) 
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PARAMETER MEASUREMENT INFORMATION 


FOR THREE-STATE OUTPUTS AND BI-STATE TOTEM-POLE OUTPUTS 


v2 
Ri 
R1 
FROM OUTPUT 
UNDER TEST 


v1 


FROM OUTPUT 


UNDER TEST 
R2- . Cy (See Note A) 
CL 


(See Note A) 


LOAD CIRCUIT THEVENIN EQUIVALENT 


CIRCUIT 


VOLTAGE VALUES 


A 


cc 
a 
Patt [ov 
ALL 


V 
OV 
a ae 





’ tSee Recommended Operating Conditions. 





NOTE A: Cy, includes probe and jig capacitance. 


| VCC 
RL 
FROM OUTPUT 
UNDER TEST 


FOR OPEN-COLLECTOR OUTPUTS 


Ri4 
FROM OUTPUT 
UNDER TEST 
. R 
Cr L2 
(See Note A) 


Vcc 


TEST CIRCUIT FOR USE WHEN 
RL1 AND R,2 ARE SPECIFIED 


CL (See Note A) 


TEST CIRCUIT FOR USE WHEN 
SINGLE R,_ ISSPECIFIED © 





3V — — — —- SV 
TING Aa mronuevel aig sR 
NPUT A CC et a PULSE ! ea 
t t e— tw —a 
te tsy —t* Dies _ | 
opm a3V r " 3V 
DATA LOW-LEVEL 
15V 15V 15V 15V 
INPUT a PULSE eae 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE WIDTHS 
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PARAMETER MEASUREMENT INFORMATION 














3V 
INPUT OV 
VOH 
IN-PHASE 
OUTPUT 
VOL 
OUT-OF-PHASE VOH 
OUTPUT 
VOL 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
3V 
OUTPUT CONTROL 
(Low-level enabling) 
w-e ee ee Kee KK KE Ov 
| 


je—— ‘Pz. ——o o— ‘PLZ —p 
| 


WAVEFORM 1 
(See Note B) 


WAVEFORM 2 
(See Note B) 


(See Note C} 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


NOTES: 8B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control, 


Tl normally measures tp_z and tpyz by reading at the 1.5-volt (V+) point on the waveform and subtracting the RC time from 
the reading, 


Fortp_z, RCIn 


Cc. 


V2 —- Vo_Lmax 
—_—_—__—— js subtracted from the reading. 


VoH™Min 
For tpyz, RCIn ay is subtracted from the reading. 


t 


In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 


E. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zoy;y © 50 Q, t, < 2.5 ns, 
te < 2.5 ns, 


SS ES IT ET IT I IT PE I I I OT IS I TI I SS A IE ST STE TS SIRI I IE INE 
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Programmable Read-Only Memories (PROMs) 


PROM Numbering System and Ordering Instructions .......... cc cece ce ween renee 
PROM Pine Summary: ns See ech Mee ese he, tere ewe ao ead be ae Be aOR OR 
PROM Cross-Reference Guide 6... ce et tw te ee te ee te ee eee te ee eee 
Series 14 and 18 PROM Data Sheets ... 1... cc ccc ee tee ee ee ee eee ee eee tees 
Series 24 and 28 PROM Data Sheets  ... 1... ccc et eee te ee en tee eee eae eee 


Random-Access Memories (RAMs) 


SN5481A, SN5484A, SN7481A, SN7484A 16-Bit RAMs © 1... ee et ee es 
SN7489 G4-BitRAN Sich big ee ae ROSS SW GAG Ae OE REGS ARS ERES ON COS Eee 


SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A, SN74LS189A, SN74LS219A, 


SN74LS289A, SN74LS319A 64-Bit RAMs .. 1... i ce ee ee ee ee ee te wee 
SN54S189A, SN54S289A, SN74S189A, SN74S289A 64-Bit RAMs ......... eee ee eee eee 
SN74S201, SN74S301 256-Bit RAMs ww we ce ee te ee eee eee eee 


First-In First-Out Memories (FIFOs) 


SN54LS222, SN54LS224, SN54LS227, SN54LS228, SN74LS222, SN74LS224, 


SN74LS227, SN74LS228 16 X 4 Asynchronous FIFOs ........... ccc cece ceceees 
SN74S225 16 X 5 Asynchronous FIFO 2. ee ee te ee eee ee tee te 


Code Converters 


SN54S484, SN54S485, SN74S484, SN74S485 


BCD-to-Binary and Binary-to-BCD Converters 1... cee ee ee te ee te et ees 


PROM NUMBERING SYSTEM AND ORDERING INSTRUCTIONS 


To complement Texas Instruments continually expanding line of bipolar PROMs, a new numbering system is being imple- 
mented. This system provides the user with information regarding the generic programming family, bit density, organization, 
temperature range, and the size and type of package without the necessity of looking up this information in tables. Below is 
a guide for use of this new numbering system. . 


Factory orders for PROMs described in this book should include a type number as explained in the following example. 


These two digits 
comprise the 
series designation 


TBP 2 8 SA 8 6 M J 


Prefix res | L Package Type 


TBP = standard prefix J = ceramic dual-in-line 
MBP = MACH IV 

SNM processing 
CBP = MIL-STD-883B 








N = plastic dual-in-line 
FC, FE =ceramic chip carrier 
FN = plastic chip carrier 


. Military 
vendor-equivalent 
: Product 
SNC processing ; 
Versionst 


JBP =JEDEC standard 


Temperature Range 
MIL-STD-883B 


No designator 0°C to 70°C 
SNJ processing E —40°C to 85°C 
M —55°C to 125°C 


tSee TI publication CB233A for detailed ex- 


planation and processing flow diagrams. Package Size* 


Row Spacing in 
Inches (Millimeters) 


Generic Programming Family No. of 0.300 0.400 0.600 








Pins (7,62) (10,16) (15,24) 
Output Word Width 16 
18 
Output Type 20 
S$ = standard three-state 26 
L = low-power three-state an 
P = power-down three-state Bit Complexity 
R = registered three-state 03 = 256 bits 
D =  power-down and registered 1 = 1,024 bits . ; 
three-state 2 =2,048 bits tPackage-size designation is not applicable with 
: chip carrier (FC, FE, or FN), and should be 
is = latched three-state 4 = 4,096 bits replaced with the letter X for this package type. 
SA = standard open-collector 8 =8,192 bits 
LA = tow-power open-collector 16 = 16,384 bits 
PA =  power-down open-collector 32 =32,768 bits 
RA = registered open-collector 
DA = _ power-down and registered 


open-collector 
TA = tatched open-collector 













USER-PROGRAMMABLE READ-ONLY MEMORY (PROM) LINE SUMMARIES 


STANDARD PROMS 
OUTPUT BIT SIZE 
ADDRESS POWER 
TyYPet (ORGANIZATION) | 
ACCESS TIME | DISSIPATION 
TBP18SA030 SN74S188 Pe | 256 Bits a. pone 
TBP18S030 SN74S288 (32W X 8B) a 
TBP 
BP14S10 SN74S28 | ‘a. ae 
TBP14SA10 SN74S387 a= >. 1024 Bits 
56W X 4B 


TBP24S10 ieee te 
Tep2asa10,=— | CT UC 
[sn7asa7o 2048 Bit 
(256W X 8B) 
2-7 
600 mW 
4096 Bits 
(512W X 8B) | 
35 ns 500 mW 
TBP28S46 
TBP28SA46 


TBP18SA22 SN74S470 
TBP24841 SN74S476 SA | 4096 Bits 
TBP24SA41 SN74S477 FQ | (024w x 4B) 


TBP18S22 SN74S471 
192 Bi 
TBP24S81 SN74S454 8192 Bits 625 mW 
(2048W X 4B) 












OLD 
TYPE NUMBER 





NEW 
TYPE NUMBER 

































Sr 
[—Tepzesaaa 
[repzesas | 
ae 
Lt 

aa 

og 4 

Eee 

[—rep2esase | swrasaa | 

[rae2asz708 | _swras2708_ | _Y__ 

saa 

Rag 4 

Lo 


feos easel 
Re 
PN a 
LS. Oe nl 
Pasa 
| Tepigsa2_| = SN748472,— | CV 
| tePigsag2_— | ~sN74sa73.—_ || OO 
ae ee 
Bae ae 
i ee 
ieee 1 
Ee | 
8192 Bits 
(1024W X 8B) 





TBP28S85 


Pee! S50 mi 


16,384 Bi 
oars 35 ns 650 mW 
(2048W X 8B) 
TYPICAL PERFORMANCE 
OLD OUTPUT 
ADDRESS POWER 
TYPE NUMBER Typet 
ACCESS TIME DISSIPATION 
TBP28LA22 


a 2088 Bis 
45 ns 300 mW 
Re, oe es (256W X 8B) 
Tep2eia2 | SSCSCSC*S 


TBP28SA166 










LOW-POWER PROMS 









NEW 
TYPE NUMBER 


TBP28L22 





BIT SIZE 
(ORGANIZATION) 








4096 Bits 
250 mW 
TBP28L45 (512W X 8B) - | 250m | 2-13 


TBP28L86 sn7aisa78 =| UV 8192 Bits | B80ns |S 850 mW 
| | Ve | tozawxes) | 65 ns_— 


16,384 Bits 
(2048W X 8B) 






TBP28L166 


Tep2ees | 275 mW 


350 mW 
T © = open collector, V7 = three state. 





| 24 | 681 


POWER-DOWN PROMS 
UTP 
aie at dak pees ee ees 
TYPE N ACCESS TIME | DISSIPATION 
[—rerzraz sf SSC~sSCSNsC*«‘“YC*S*C«O 
TBP28P42 = 35 ns 550/60 mW 
tarzepas | —S~dCSCSCS dt x 
8192 Bits 2-13 
P28P 35 ns 550/60 mW 
16,384 Bits 
P28P ‘ 35 650/125 mW 
okasanas Ee te (2048W x 8B) i [950/125 m0 | 
REGISTERED PROMS 
TYPICAL PERFORMANCE 
OLD OUTPUT BIT SIZE 
TYPE NUMBER TYPE NUMBER Typet (ORGANIZATION) pate eee 
TO OUTPUT DISSIPATION 
TBP28R45 sania 550 mW 
(512W X 8B) 
8192 Bits 2-13 
TBP28R 20 600 mW 
jules ia (1024W X 8B) 600 mn 
TBP28R165 16,384 Bits na 
TBP28R166 alti 


(2048W X 8B) 
READ/WRITE MEMORY (RAM) LINE SUMMARY 
BIT SIZE 


OUTPUT 
TYPE NUMBER ADDRESS POWER 
(ORGANIZATION) TYPEt 
ACCESS TIME DISSIPATION 
SN5481 A/SN7481A eae ae oan 
SN5484A/SN7484A 2 . : 


SN7489 378 mW 
SN54LS189A/SN74LS189A 173 mW 
SN54S189/SN74S189 64 Bits 375 mW 2-49 


SN54LS219A/SN74LS219A iva i ee 173 mW 











TYPICAL PERFORMANCE 










BIT SIZE 
(ORGANIZATION) 




































NEW 
































(2-45 
SN54LS289A/SN74LS289A (16W X 4B) 173 mW 
SN54S289/SN74S289 375 mW 2-49 
SN54LS319A/SN74LS319A | Ons 173 mW 2-45 


(256w x 18) 
FIRST-IN/FIRST-OUT (FIFO) MEMORIES 


TYPE NUMBER 


| TYPICAL PERFORMANCE 
OUTPUT SEE 
DATA RATES FALL POWER 
TYPETt PAGE 
INPUT |OUTPUT | THROUGH | DISSIPATION 
SN54LS222/SN74LS222 ee ae 
SN54LS224/SN74LS224 64 Bits is | 
433 mW 2-57 
SN54LS227/SN74LS227 (ewx4B) | © | decto} deto 
SN54LS228/SN74LS228 | = | 10 MHz} 10 MHz 
80 Bit 
 §N74S225 ws 400 mw 2-65 
(16W X 5B) 


t }= open collector, V/ = three state. 


NO 
os 
on 













BIT SIZE 
(ORGANIZATION) 






2-5 





9-2 


AMD 
27818 
27519 
27820 
27821 
27828 
27829 
27830 
27831 
27832 
27833 
278180 
278181 
278184 
278185 


MMI 


6300-1 
6301-1 
6308-1 
6309-1 
6330-1 
6331-1 
6340-1 
6341-1 
6348-1 
6349-1 
6352-1 
6353-1 
6380-1 
6381-1 


TI 
TBP18SA030 
TBP18S030 
TBP24SA10 
TBP24S10 
TBP28SA42 
TBP28S42 
TBP28SA46 
TBP28S46 
TBP24SA41 
TBP24S41 
TBP28SA86 
TBP28S86 
TBP24SA81 
TBP24S81 


Ti 


TBP24SA10 
TBP24S10 
TBP28LA22 
TBP28L22 
TBP18SA030 
TBP18S030 
TBP28SA46 
TBP28S46 
TBP28SA42 
TBP28S42 
TBP24SA41 
TBP24S41 
TBP28SA86 
TBP28S86 


FAIRCHILD 


93417 
93427 
93438 
93448 
93450 
96451 
93452 
93453 
93510 
93511 


MOTO- 
ROLA - 


7640 
7641 
7642 
7643 
7680 
7681 


BIPOLAR PROM CROSS REFERENCE 


Tt 
TBP24SA10 
TBP24S10 
TBP28SA46 
TBP28S46 
TBP28SA86 
TBP28S86 
TBP24SA41 
TBP24S41 
TBP28SA166 
TBP28S166 


Tl 


TBP28SA46 
TBP28S46 
TBP24SA41 
TBP24S41 
TBP28SA86 
TBP28S86 


HARRIS 
7602 
7603 
7608 
7610 
7611 
7640 
7641 
7642 
7643 
7648 
7649 
7680 
7681 
7684 
7685 
76160 
76161 


NATION- 
AL 


748188 
748287 
748288 
748387 
748470 
748471 
748472 
748473 
743474 
748475 
748572 
748573 
878180 
875181 
878184 
878185 
878190 
878191 


Tl 

TBP18SA030 
TBP18S030 
TBP28S2708 
TBP24SA10 
TBP24S10 
TBP28SA46 
TBP28S46 
TBP24SA41 
TBP24841 
TBP28SA42 
TBP28842 
TBP28SA86 
TBP28S86 
TBP24SA81 
TBP24S81 
TBP28SA166 
TBP28S166 


Ti 


TBP18SA030 
TBP24S10 
TBP18S030 
TBP24SA10 
TBP28LA22 
TBP28L.22 
TBP28S842 
TBP28SA42 
TBP28S46 
TBP28SA46 
TBP24SA41 
TBP24841 
TBP28SA86 
TBP28S86 
TBP24SA81 
TBP24S81 
TBP28SA166 
TBP28S166 


INTEL 
3601 
3604 
3605 
3608 
3621 
3624 
3625 
3628 
3636 


RAY- 
THEON 


29600 
29601 
29620 
29621 
29624 
29625 
29630 
29631 
29635 
29650 
29651 
29660 
29661 
29680 
29681 


TI 
TBP24SA10 
TBP28SA46 
TBP24SA41 


- TBP28SA86 


TBP24S10 
TBP28S46 
TBP24S41 
TBP28S86 
TBP28S166 


Ti 


TBP28LA22 
TBP28L22 
TBP28SA42 
TBP28S42 
TBP28SA46 
TBP28S46 
TBP28SA86 
TBP28S86 
TBP28S2708 
TBP24SA81 
TBP24S81 
TBP24SA10 
TBP24S10 
TBP28SA166 
TBP28S166 


INTERSIL 
5600 
5603 
5605 
5600 
5623 
5625 
56S06 
56826 


SIG- 
NETICS 


82823 
828123 
828126 
828129 
828136 
82S$137 
828140 
828141 
825146 
828147 
828180 
828181 
82LS181 
828184 
828185 
828190 
828191 
6252708 


TI 
TBP18SA030 
TBP24SA10 
TBP28SA46 
TBP18S030 
TBP24S10 
TBP28S46 
TBP24SA41 


' TBP24S41 


Ti 


TBP18SA030 
TBP18S030 
TBP24SA10 
TBP24S10 
TBP24SA41 
TBP24841 
TBP28SA46 
TBP28S46 
TBP28SA42 
TBP28S42 
TBP28SA86 
TBP28S86 
TBP28L86 
TBP24SA81 
TBP24S81 
TBP28SA 166 
TBP28S166 
TBP28S2708 
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SCHOTTKY * SERIES 14 AND 18 
PROMS PROGRAMMABLE READ-ONLY MEMORIES 


JUNE 1981 





e Titanium-Tungsten (Ti-W) Fuse Link For Re- e Applications Include: 
liable Low-Voltage Full Family Compatible Microprogramming/Firmware Loaders 
Programming Code Converters/Character Generators 
. . ae | Translators/Emulators a 
e Full Decoding And Fast Chip Select Simplify Address Mapping/Look-Up Tables 


System Design 


e P-N-P Inputs For Reduced Loading On System 
Buffers/Drivers 


NEW TYPE NUMBER | OLD TYPE NUMBER TYPICAL PERFORMANCE 
BIT SIZE OUTPUT 


. ° . 3 ADDRESS POWER 
0°C to 70°C 0°C to 70°C (ORGANIZATION) | CONFIGURATIONT 
ACCESS TIME | DISSIPATION 
SN74S188 (J, N 256 Bit 
TBP18SA030 (J, N) 88 (J, N) its peri Pree 
TBP18S030 (J, N)“ SN74S288 (J, N) (32W X 8B) 
TBP14S10 (J, N)“ SN74S287 (J, N) 1024 Bits 
re 42 ns 500 mW 
TBP14SA10 (J, N) SN74S387 (J, N) (256W X 4B) 
TBP18SA22 (J, N)* SN74S470 (J, N 2048 Bits 
. 50ns 550 mW 
TBP18S22 (J, N) SN74S471 (J, N) (256W X 8B) 
TBP18S42 (J, N)* SN74S8472 (J, N) : 4096 Bits 
TBP18SA42 (J, N)“ SN74S473 (J, N) (512W X 8B) 
S) f 


TBP18S46 (J, N)“ N74S474 (J, N) 4096 Bits 
TBP18SA46 (J, N)4 SN74S8475 (J, N) (512W X 8B) 


“For full temperature parts (—S55°C to +125°C) use suffix MJ. For devices with MIL-STD 883B processing (-55 C to +125 C) see page 2-3, 
t © = open collector, (7 = three state. 





TBP18SA030, TBP18S030 TSBP14S10, TBP14SA10 TBP18SA22, TBP18S22 TBP18S42, TBP18SA42 TBP18S46, TBP18SA46 


256 BITS 1024 BITS 2048 BITS 4096 BITS 4096 BITS 
(32 WORDS BY 8 BITS) (256 WORDSBY4BITS) (256 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) 
(TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW) 





Pin assignments for all of these memories are the same for the J and N packages. See Product Guide, Section 7, for chip carrier pin assignments, 
description 


These monolithic TTL programmable read-only memories (PROMs) feature titanium-tungsten (Ti-W) fuse links with 
each link designed to program in 100 microseconds. The Schottky-clamped versions of these PROMs offer considerable 
flexibility for upgrading existing designs or improving new designs as they feature full Schottky clamping for improved 
performance, low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or open-collector outputs, and 
improved chip-select access times. 


The high-complexity 2048- and 4096-bit PROMs can be used to significantly improve system density for fixed 
memories as all are offered in the 20-pin dual-in-line package having pin-row spacings of 0.300 inch (7,62 mm). 


Copyright © 1981 by Texas Instruments Incorporated 


TE XAS. IN STRUMENTS Tintegrated Schottky-Barrier diode- 9-7 


clamped transistor is patented by Texas 
IN 
CORPORATE Instruments, U.S. Patent Number 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 3,463,975. 
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SERIES 14 AND 18 


PROGRAMMABLE READ-ONLY MEMORIES 





logic symbols 


TBP18S030 


. PROM32X8 


TBP 18SA030 


PROM 32 X 8 

















TBP14S10 


PROM 256 X 4 


TBP14SA10 


PROM 256 X 4 


TBP18S42 


PROM 512 X8 


TBP 18SA42 


PROM 512 X 8 





TBP 18SA22 


TBP18S46 





PROM 512 X 8 






0 


TBP 18SA46 


_ PROM 512 x8 


(8) > 


AO 
Al 
A2 
A3 
A4 
AS 
AG 
AT 
AS 
Ga 
G3 
G2 
G1 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TBP18S22 


PROM 256 X 8 





PROM 256 X 8 
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SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 





description (continued) 
Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure 


specified. All PROMs, except the TBP14S10 and TBP14SA10 are supplied with a low-logic-level output condition stored 
at each bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at 
selected locations. The procedure is irreversible; once altered, the output for that bit location is permanently program- 
med. Outputs that have never been altered may later be programmed to supply the opposite output level. Operation of 
the unit within the recommended operating conditions will not alter the memory content. 


A low level at the chip-select input(s) enables each PROM. The opposite level at any chip-select input causes the outputs 
to be off. 
The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can 


be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output. 
The open-collector output offers the capability of direct interface with a data line having a passive pull-up. 


schematics of inputs and outputs 





TYPICAL OF ALL TYPICAL OF ALL 
OPEN-COLLECTOR OUTPUTS THREE-STATE OUTPUTS 


EQUIVALENT OF 
EACH INPUT 


aan Vee 
58 2 NOM 
OUTPUT 


OUTPUT 


Programming circuit not shown Programming circuit not shown 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage (see Note ft) < tun noo eh Sees Saw 2 ee Pi ne ew Ee eo 7V 
WDUT VOIRAGe.. <a tial, wrote ot Went aes a Rog ne de ee acetate Son kh wegen 2a Sd We Green al awa ee Sou own aoe eS 5.5V 
OFPStatGOUIDUEVOITSGE) - ics hich teen ew eget dirs aa ae ath eae oes ae ee wee SC ee a ae ee ee ae 5.5V 
Operating free-air temperature range: Full-temperature-range circuits .............2 000 ee —55°C to 125°C 

Commercial-temperature-range circuits ...........00.00e O°C to 70 C 
Storage temperature range ............. Ma, Ceiba tan melita Tes act ea Gh te onl Se ee, Ain ON ke cad eae, eee S88 —65°C to 150°C 


recommended conditions for programming the TBP18S’, TBP18SA’, TBP 14S‘, and TBP14SA’ PROMs 


inom max] unit 
5 
Supply voltage, Vcc (see Note 1) 4 5.25 





5 F 
Program pulse 9 9.25 9.5 
Input voltage moh ever Ie : 2 V 
Bac th ; y See load circuit 
Termination of al! outputs except the one to be programmed 
(Figure 1) 


35 
0 









25 
Programming duty cycle for Y pulse 


Tt Absolute maximum ratings. 
NOTES: 1. Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
2. The TBP18S030, TBP18SA030, TBP18SA22, TBP18S22, TBP18S42, TBP18SA42, TBP18S46 and TBP18SA46 are supplied with 
all bit locations containing a low logic level, and programming a bit changes the output of the bit to high logic level. The TBP14S10, 
TBP14SA10 are supplied with all bit outputs at a high logic tevel, and programming a bit changes it to a low logic level. 
3. Programming is guaranteed if the pulse applied as 98 Us in duration. 
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SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 





step-by-step programming procedure for the TBP18SA030, TBP18S030, TBP14S10, TBP14SA10, 
TBP18SA22, TBP18S22, TBP18SA42, TBP18S42, TBP18S46, TBP18SA46 


1. Apply steady-state supply voltage (Vcc = 5 V) and address the word to be programmed. 
2. Verify that the bit location needs to be programmed. If not, proceed to the next bit. 


3. If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select 
input(s). 


4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 
3.9 kQ2 and apply the voltage specified in the table to the output to be programmed. Maximum current into the 
programmer output is 150 mA. 


5. Step Vcc to 9.25 nominal. Maximum supply current required during programming is 750 mA. 

6. Apply a low-logic-level voltage to the chip-select input(s). This should occur between 1 us and 1 ms after Vcc 
has reached its 9.25 level. See programming sequence of Figure 2. 
After the X pulse time is reached, a high logic level is applied to the chip-select inputs to disable the outputs. 
Within the range of 1 us to 1 ms after the chip-select input(s) reach a high logic level, Vcc should be stepped 
down to 5 V at which level verification can be accomplished. 


9. The chip-select input(s) may be taken to a low logic level (to permit program verification) 1 us or more after 
VCC reaches its steady-state value of 5 V. 


10. Ata Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program 
a bit. 


11. Verify accurate programming of every word after all words have been programmed using Vcc values of 4.5 and 
5.5 volts. 


NOTE: Only one programming attempt per bit is recommended. 


5V 


seu Senet 


LOAD CIRCUIT FOR EACH OUTPUT 
NOT BEING PROGRAMMED OR FOR 
PROGRAM VERIFICATION 


FIGURE 1 — LOAD CIRCUIT 






VERIFY le— Y 3Y TYPICAL____.J 
NEED TO aa ioe’ eet PROGRAM 

PROGRAM REMOVE Vcc TO 
Vcc 


s s — 4. sto 1 ms 

1usto1m , ars ust _ 

= Tom Te VIH 
oe ec or ae 


VIL 
APPLY REMOVE 
VO(pr) VO (pr) 






FIGURE 2 — VOLTAGE WAVEFORMS FOR PROGRAMMING 
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SERIES 14 AND 18 
PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 


UNIT 





recommended operating conditions 


TBP14S10, TBP18S22 TBP18S030 TBP18S42, TBP18S46 
s PARAMETER 
MIN. NOM MAX | MIN. NOM MAX 
arene pM | 4s SB] 4B BO 
PREM NOMEB EE CC IN 4.75 5 5.25 | 4.75 5 5.25 | 4.75 5 6 
Gren en ie Ms -2 
-le : 
Se ee ee oe 
5 











ol 
— N 
NO oOo 


ee ae | MJ | —5 125 | —55 125 | —55 
-air rature, 
ee ee 0 70 


PARAMETER (MJ) (J, N) 
MIN TYP MAX {MIN TYPt MAX 
2 


Vik ‘Inputclamp voltage Vec=MIN, 


Vcc =MIN, VIH=2V, 
VoH_ High-level output voltage Y 08V MAX 2.4 3.4 
IL = ¥: ' OH = 
VOL Low-level output voltage 
Off-state output current, 
O¢H high-level voltage applied 


Off-state output current, 


_ 
NO 
o1 





mA 


| 











UNIT 








_ 


rr 
AF 
oo 
=. 
> 
uh 
nN 
N 


N 
hb 
Ww 
N 






| 
ol 
=) 
= 
> 





low-level voltage applied 


Input current at maximum oe 
; Veco = MAX, V,~>=5.5V 

input voltage ; 

Vec=MAX, Vi= 05 350 
[reriasio 00 | 10008 
110186 


ta(A) (ns) ta(s) (ns) tpxz (ns) 
Access time from Access time from Disable time from 


3 


lOZL 
1 


= 
> 


< 
I 
N 
“ 
< 
N 
| 
N 
ol 


LA 
mA 











Chip select(s) at 0 V, 
Outputs open, 
See Note 4 





Icc Supply current 






TEST CONDITIONS : P 
chip select (enable time) high or low level 


Z MIN . TYP* - MAX | MIN TYP* MAX | MIN TYP# 
- TBP14S10MJ 


= 
NO 


ee 
ta(A) and ta(S), 





NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits 
(formerly 74 Family). 
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are at Vcc = 5 V, Tap = 25°C. 
Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
NOTE 4: The typical values of Icc¢ are with all outputs low. 
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SERIES 14 AND 18 | 
PROGRAMMABLE READ-ONLY MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 


TBP14SA10, TBP18SA22 TBP18SA030 TBP18SA42, TBP18SA46 
PARAMETER 
MIN NOM MAX | MIN NOM MAX 
4.75 5 5.25 
—55 12 
0 














5 ; 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) - 


PARAMETER TEST CONDITIONSt MIN TYP* MAX | UNIT 
ViK Input clamp voltage | Vcc = MIN, 1) =—-18 mA 
OH on 


1.2 
VOH = 5.5 V 100 








MD Gee SS ae. 6. 86 |e aby 3B: 6 
S ly voltage, V 
—5 —5 


Oo 


Operating free-air temperature, TA 












1OH High-level output current 


VoL Low-level output voltage 


ly Input current at maximum input voltage Vcc = MAX, Vj =5.5.V 
lie High-level input current 
Ne Low-level input current 





A 


%5 
TBP18SA030 80. 110 
TBP14SA10 100 135 

mA 
TBP18SA22 p10 1555 | 
TBP18SA42, TBP18SA46 120 155 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


3] < 








Vcc = MAX, 
Chip select(s) at OV, 
Outputs open, 

See Note 4 













Icc Supply current 






tPLH 


t 
a(S) Propagation delay time, 


t 
a(A) Access time from : 
TEST Access time from ; low-to-high-level out- 
chip select 
CONDITIONS address put from chip select 


(enable time) (disable time) 


TBP18SA030MJ _ 
TBP18SA030 

C, = 30pF, 
TBP14SA10MJ 

Ri1=3000, 
TBP14SA10 

RL2=6002, 
TBP18SA22MJ ia es 
TBPSA22 cl 
TBP18SA42MJ, TBP18SA46MJ 
TBP18SA42, TBP18SA46 


NOTE: M4J designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). | 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 

* All typical values are at Vec=5V,Tpa= 25°C, 





NOTE 4: The typical values of Ic¢ are with all output low. 


AR ETE EI ee 
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e New, Expanded Family of Standard, Low Power, eo P-N-P Inputs for Reduced Loading On System 


Power Down, And Registered PROMs Buffers/Drivers 

e Titanium-Tungsten (Ti-W) Fuse Links for Re- e Each PROM Supplied With a High Logic Level 
liable Low-Voltage Full-Family-Compatible Stored At Each Bit Location 
Programming 


| 2 Applications Include: 

e Full Decoding And Fast Chip Select Simplify Microprogramming/Firm Ware Loaders 
System Design Code Converters/Character Generators 

Translators/Emulators 

Address Mapping/Look-Up Tables 


STANDARD PROMS 


















OUTPUT BIT SIZE TYPICAL PERFORMANCE ; 
CONFIGURATION? | (ORGANIZATION) ACCESS TIMES POWER 
DISSIPATION 


ADDRESS | SELECT 
375 mW j 











NEW TYPE NUMBER | OLD TYPE NUMBER 


TBP24S10W,N)* | Cd 
rapzasao WE | 


1024 Bits 
35 ns 20 ns 
(256W X 4B} 


4096 Bits 
35 ns 20 ns 
(512W X 8B) 


20 ns 475 mW 
8192 Bits 
45 ns 20 ns 625 mW 
(2048W X 4B) 


8192 Bits 45 ns 20 ns 625 mW 
(1024W X 8B) 
Era 


16,384 Bits 
35 ns 650 mW 
(2048W X 8B) 


BIT SIZE TYPICAL PERFORMANCE 


ie co 

eo 

BR a a 

os 

ea eee 

== wed 

Trerzesaas [| SSCSC~C“~—~iSC‘“‘ 
res ee eee | 

rsw7asase ni 

[nee a 

ae eres 

Se es 

ove 

as: aa 

aE 

Sana eee 





SN74S454 (J, N) 

Crapesesun | id 
| Tepzesies NI“ | 
Prarzesaies— [SS 


LOW POWER PROMS 


TYPE NUMBER OUTPUT 


CONFIGURATION? 
NEW TYPE NUMBER | OLD TYPE NUMBER Arte 
,N) 






15 ns 





















(ORGANIZATION) ACCESS TIMES POWER 
ADDRESS | SELECT | DISSIPATION 
TerBL UN | 


t 
repzaLasw,niFe pit cons | one | 250mW 
Tepzanaeun® | 





TBP28L86 (J, N)4 SN74LS478 (J 8192 Bits | g0ns | 35ns | 350mw_ | 
i248 ZS nw 


Tap2sces Ni | 
16,384 Bits 
TBP28L166 (J, N) T4 30 ns 350 mW 
(2048W X 8B) 
4 NOTE — These devices available as full-temperature-range and as high-rel processed devices (use suffix MJ or NJ), 


A!l PROMs are also available in chip carriers. 
FO = open collector, \/= three state, 





T NOTE — Electrical parameters for these devices are design goals only. 





Copyright © 1981 by Texas [nstruments Incorporated 


TEXAS INSTRUMENTS (integrated Schottky-Barrier _diode- 
INCORPORATED clamped transistor is patented by Texas | 
Instruments. U.S. Patent Number * 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 3,463,975. 


SCHOTTKY! SERIES 24 AND 28 
PROMS STANDARD, LOW-POWER, POWER-DOWN, REGISTERED 


PROGRAMMABLE READ-ONLY MEMORIES 
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SERIES 24 AND 28 
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED 
PROGRAMMABLE READ-ONLY MEMORIES 





POWER DOWN PROMS 


TYPE NUMBER OUTPUT BIT SIZE TYPICAL PERFORMANCE 


YPE MBER | OLD TYPE NUMBER CONFIGURATION? | (ORGANIZATION) ACCESS TIMES POWER 
sa = ADDRESS | SELECT | DISSIPATION 


TBP28P42 (J, N)t 
TBP28P45 (J, N)T 


4096 Bits 500/60 mw 
(512W X 8B) 


8192 Bits 
R i 550/60 mW 
16 384 Bits 
t : 650/125 mW 


REGISTERED PROMS 
OUTPUT BIT SIZE TYPICAL PERFORMANCE 


OUTPUT |SET UP TIME | DISSIPATION 
4096 Bits 
frarzoresiommt || rewxen 
frarzorosunt ||| sence Ce 
; (1024W X 8B) 
700 mW 





























TBP28R166 (J, N)T (2048W X 8B) 
All PROMs are also available in chip carriers, 

t Electrical parameters for these devices are design goals only. 

+ V = three state. 


description 


The new 24 and 28 Series of monolithic TTL programmable read-only memories (PROMs) feature an expanded 
selection of standard, low-power, power-down, and registered PROMs. This expanded PROM family provides the system 
designer with considerable flexibility in upgrading existing designs or optimizing new designs. Featuring proven 
titanium-tungsten (Ti-W) fuse links with low-current MOS-compatible p-n-p inputs, all family members utilize a common 
programming technique designed to program each link with a 100-microsecond pulse. 


The new 4096-bit and 8192-bit PROMs are offered in 24-pin 300-mil-wide packages, greatly improving system density 
for large PROM arrays. For systems requiring even higher levels of complexity and density, the 16,384-bit PROMs 
provide twice the bit density of the 8192-bit PROMs in 24-pin 600-mil-wide packages. All PROMs are supplied with a 
logic-high output level stored at each bit location. The programming procedure open-circuits Ti-W metal links, which 
reverses the stored logic level at selected locations. The procedure is irreversible; once altered, the output for that bit 
location is permanently programmed. Outputs that have never been altered may later be programmed to supply the 
opposite output level. Operation of the unit within the recommended operating conditions will not alter the memory 
content. 


Active level(s) at the chip-select input(s) (S or S) enables all of the outputs. An inactive level at any chip-select input 
causes all outputs to be off. On power-down PROMs, active level(s) at the chip-enable input(s) (E or E) power up the 
device and enables all of the outputs. An inactive level at any chip-enable input causes all the outputs to be off and the 
PROM to be in a reduced-power standby mode. 


The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it 
can be bus connected to other similar outputs, yet it retains the fast rise time characteristics of the TTL totem-pole 
output. The open-collector output offers the capability of direct interface with a data line having a passive pull-up. 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


681 


SERIES 24 AND 28 
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED 
PROGRAMMABLE READ-ONLY MEMORIES 





PIN ASSIGNMENTS (TOP VIEWS) 


| TBP28S42, TBP28SA42 

TBP24S10, TBP24SA10 TBP28L22, TBP28LA22 TBP28L42, TBP28P42* TBP24S41, TBP24SA41 TBP24S81, TBP24SA81 
1024 BITS 2048 BITS 4096 BITS 4096 BITS 8192 BITS 

(256 WORDS BY 4BITS) (256 WORDSBYS8BITS) (512WORDSBYSBITS) (1024WORDS BY 4BiITS) (2048 WORDS BY 4 BITS) 


ashy], U 6] Vcc 





TBP28S45, TBP28L45, TBP28P45*, 
TBP28S46, TBP28SA46 TBP28R45 


TBP28S86, TBP28SA86, TBP28L86 TBP28S2708 
4096 BITS 4096 BITS 8192 BITS 8192 BITS 


(512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) 


(15,24-mm) 
Row 
Spacing 


(7,62-mm) 
Row 
Spacing 





TBP28R165 
TBP28S166, TBP28SA166, 
= TBP28R166* 
TBP28S85, TBP28L85, TBP28P85 TBP28R85 TBP28L166, TBP28P166* 
8192 BITS 8192 BITS 16,384 BITS 16,384 BITS 


(1024 WORDS BY 8 BITS) (1024 WORDS BY 8 BITS) (2048 WORDS BY 8 BITS) (2048 WORDS BY 8 BITS) 


(7, 62-mm) (7 ,62-mm) (15,24-mm) 


Row Row 


Spacing Spacing 





Pin assignments for all of these memories are the same for the J and N packages. See Product Guide, Section 7, for chip carrier pin assignments. 

* For those pins having dual designations, the designation to the right of the virgute (/) applies only to the type number(s) immediately 
followed by an asterisk (*) above the pinout drawing. 

nc = no internal connection 





681 


TEXAS INSTRUMENTS 2-15 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


SERIES 24 AND 28 
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED PROGRAM 





logic symbols 


TBP24S10 TBP24SA10 TBP28L22 
PROM 256 X 4 PROM 256 X 4 PROM 256 X 8 









TBP28LA22 TBP24S41 7 TBP24SA41 
PROM 256 X 8 PROM 1024 X 4 PROM 1024 X 4 






AO 0 


Al 
A2 


AO 0 


Al 





A2 
= a0 , a0 
a ai ne a1 
AS a2 AS a2 
A6 03 : A6 a 
A7 A7 
A8& A8 
AQ AS 
G2 G2 


G1 G1 


TBP28L42, TBP28S42 TBP28P42 
PROM 512 X 8 






PROM 512 X 8 


AO 0 a0 
Al at 
A2 63 
A3 a 
A4 a 
AS 





:.  TBP28L45, TBP28S45, 
7 TBP28S46 ee cnpAE 
PROM 512 X 8 


PROM 512 X 8 
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SERIES 24 AND 28 
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED PROGRAM 





logic symbols 


TBP28SA46 






TBP24S81 


PROM 512 X 8 







AO 0 PROM 2048 X 4 

Al a0 AO 0 

A2 ai At 

. a2 

AS re | oe 

a fg A4 Q0 
fe a AS Q1 
as Es AG a2 
G4 A7 Q3 
G3 A8 





TBP28L85, TBP28S85, 
TBP28L86, TBP28S86 


TBP24SA81 
PROM 2048 X 4 





ng——!8)__]o 


Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
AY 
A10 


@! 








AO 

(7) 
Al 9 

(6) © — a0 
A2 (10) 

(5) Q1 
A3 (11) 

(4) Q2 
A4 (13) 

(3) Q3 
A5 (14) 
AG (2) Q4 

(15) 

(1) a5 
A7 (16) 

(23) Q6 
A8 (22) (17) a7 
Ag ; 
em 
E3 ( 
E2 8) 
E4 (20) 
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SERIES 24 AND 28 


STANDARD, LOW-POWER, POWER-DOWN, REGISTERED PROGRAM 


logic symbols 


Ao 
Al 
A2 
A3 
AA 
AS 
AG 
A7 
A8 
Ag 

A10 
G3 
G2 
G1 


(8) 
(7) 
(6) 
(5) 
(4) 
(3) 
(2) 
(1) 
(23) 
(22) 
(21) 
(19) 
(18) 
(20) IM 


28R165 





PROM 2048 X 8 
+ 1X8 


TBP28SA86 
PROM 1024 X 8 








AO 

(9) a0 Al 
{10) a A2 
11) oe _A3 
(13) a3 A4 
(14) Os AS 
(15) a A6 
(16) 06 A7 
(17)__o7 A8 
Ad 

A10 

E3 

E2 

E1 


TBP28R166 







PROM 2048 X 8 





9 


ao 
Qi 
Q2 


a4 
as 


a7 
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TBP28S2708 
PROM 1024 X:8 


TBP28P 166 


0 


AQ 
Al 
A2 


Aa 


AS 
A6 
A7 


‘AQ 
-A10 


G3 
G2 


G1 


PROM 2048 X 8 





- (8) 
(7) 
(6) 
(5) 
(4) 

(3) 

(2) 

(1) 

(23) 

(22) 

(21) 

(19) 

(18) 

(20) RB, 





(9) 
(10) 
(11) 
(13) 
(14) 
(15) 


(16) 


(17) 





SRRRBRLB 


(9) 
10 
11 
(13) 
(14) 
(15) 
(16) 
(17) 





SRRREBRES 
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SERIES 24 AND 28 
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED 
PROGRAMMABLE READ-ONLY MEMORIES 





standard PROMs 


The standard PROM members of Series 24 and 28 offer the highest performance for applications requiring the uncom- 
promised speed of Schottky technology. The fast chip-select access times allow additional decoding delays to occur 
without degrading speed performance. 


low-power PROMs 


To upgrade systems utilizing MOS EPROMs or MOS PROMs, the low-power PROM family offers the increased output 
drive and speed performance of bipolar technology and the reduced power dissipation necessary to implement effective 
upgrades. Additionally, low-power PROMs offer substantially reduced power dissipation over standard PROMs with 
minimal speed penalty. 


power-down PROMs 


For power-sensitive systems requiring the speed performance of the standard PROM members as well as reduced system 
power dissipation, the power-down PROM members allow a 75% or better reduction in power dissipation when disabled 
while providing standard PROM speed performance when enabled. The power-down and power-up functions are 
sequenced to occur with the outputs at a high-impedance state. The enable (power-up) function provides adequate per- 
formance to allow power-up to occur during the normal read access time precluding any degradation in memory speed 
performance. 





registered PROMs block diagram (positive logic) 


For microprogrammed pipelined systems the Series 
24 and 28 registered PROM members offer the sys- OUTPUTENABLE G 
tem designer reduced package count and improved Pplieas je nsies GS 
system performance by incorporating the pipeline 
register onto the PROM chip. Available in 4096-bit, ene 
8192-bit and 16,384-bit densities, al! registered pate. 
PROMs are provided with synchronous and asyn- 
chronous output controls (GS and G) allowing maxi- 


mum flexibility in data bus control. 


When power is first applied, the edge-triggered latch 


« PROGRAM- 
for the synchronous output control is cleared, and the ADDRESS MABLE 


: ‘i INPUTS 
Q outputs are placed in a high-impedance state. To 


read data, the address is set up, the synchronous out- 
put enable, GS, is taken low, and a low-to-high 
transition on the clock (C) input causes the selected 
data to be stored in the registers. That same transition 
causes the outputs to be enabled if asynchronous 
output enable G is low. At this time the address may 
be changed and a new word addressed without a affect- 
ing the register contents. If the synchronous output 
enable is high at the time of a low-to-high clock tran- 
sition, the outputs will be disabled to the high-imped- 
ance state. They may be disabled at any time by tak- 
ing output enable G high. If the initialize control in- 
put (INIT) is low at the time of a low-to-high clock 
transition, a user-defined code, including all “zeros’’, 
all ‘ones’, or a combination of “zeros’’ and “‘ones”, 
will be stored in the register. 
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SERIES 24 AND 28 
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED 
PROGRAMMABLE READ-ONLY MEMORIES 





schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


LOW-POWER PROMS 20 k2 NOM 
ALL OTHERS 8 kQ NOM 


Programming circuits not shown 





EQUIVALENT OF OPEN-COLLECTOR 
OUTPUTS 


EQUIVALENT OF 3-STATE OUTPUTS 
Vcc 


OUTPUT 


OUTPUT 


R 
LOW-POWER PROMS 130 2 NOM 
ALL OTHERS 58 2 NOM 


Programming circuit not shown Programming circuit not shown 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage (see Note 1) 2... ee ee ee Rites aa ds Sines aires fe as emt ei eles ee wee Aon ace 7V 
lnplit Voltage: 2!5.4.65 2285.34 Seb bd wei ee dearer Mt iy tale EA NE EG ASE te I te Bt Os, oe  6.5V 
Chip-select peak input voltage (S,S1,S2) (see Note?) .......... ce ee ee we eee ae teed <al Oke. Ge te Ss 11V 
Oistate-OUtOUTVOltage: ~ssa20cs ww ata teas ete ce ace he eal eh SOR Gy ava eb ar la eee ls Bac dew tae cata 5.5 V 
Off-state peak output voltage (see Note 2) 6... ee ee ee ee eee ne een nee 17.25 V 
Operating free-air temperature range: Full-temperature-range circuits (MJ) ............... —55°C to 125°C 

Commercial-temperature-range circuits (J,N)  ............ 0°C to 70°C 
Storage temperature range .. 1... ee ee ee ee ee ee en ne en nnn —65°C to 150°C 


NOTES: 1, Voltage values are with respect to network ground terminal, 
2. These ratings apply only under the conditions described in the programming procedure, 
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SERIES 24 AND 28 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 


. . TBP24SA10 TBP24SA41 TBP24SA81 
, PARAMETER 
MIN NOM MAX] MIN NOM MAX ;MIN NOM MAX 
5 


UNIT 
a. [ws [4s os ss[ 45 5  s5[as 5 55 |, 
u voltage, 
OP tee Oe 4.75 5 5.25! 4.75 5.25 | 4.75 5 5.25 
High-level output voltage, VOH a ee 
; 
C 


































paNIS? ss IB IB 16 
ee ee eee a rs 7 ee 
| . —55 : 125 | —5 125 | —55 125 
Operating free-air temperature range TN 








Een ole m[_o 70 {0 70 





TBP24SA41 TBP24SA81 
PARAMETER TEST CONDITIONSTt UNIT 
MIN TYP MAX/|MIN TYP? MAX |MIN TYPE MAX 
2 


Vik [Input clamp voltage Vcc = MIN, 1) =—-18mA —1.2 Vv 


Vec= MIN, Vin=2V, [Vo=24v|___—_—60, 50 
'oH = High-level output current A 
Vit =08V_ Vo=ssv}—toof__———700 | 


Input current at maximum 
1} ; Vcc = MAX, V) = 5.5 V 1 
input voltage 
li High-level input current | Vcc = MAX, Vy = 2.7 V HA 
ltL Low-level input current Vcc = MAX, Vj = 0.5 V 


loc Supply current Vcc = MAX 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+AII typical values are at Vcc = 5 V, Ta - 25°C. | 














switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ta(A) ta(S) tPLH 


ao : : Propagation delay 
Access time from Access time from chip : ’ 
TEST CONDITIONS . time, low-to-high-level 
address select (enable time) } 
output from chip select 


TBP24SA10 
TBP24SA41 Ri, = 3002, 
Ri? = 600 22, 
See Page 1-12 


|My | 
CL = 30 pF, 


MJ 
_N 

MJ 
,N 

MJ 





NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits 
(formerly 74 Family). 
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SERIES 24 AND 28 | | 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 


TBP28SA42 _ TBP28SA46 TBP28SA86 
PARAMETER UNIT 
CMIN NOM MAX | MIN NOM MAX [MIN NOM MAX _ 


| 
sly voltage, V | . 
Supply voltage, VCC 5 5 5.25 | 4.75 5 5.25 | 4.75 5 5.25 ce 
5 . —5 
0 































Low-level output current, lo ae aaa (1 


Seca a ieaa | 125 5. 125 «| -55 125 | se 
t - t ture 
lease copra aiaaoie BS oo —70 


"PARAMETER TEST CONDITIONSt 


Vik Input clamp voltage ~ |Voc=MIN,t=-18MmMA | | 1, 


a Vcc =MIN, ViH=z2V, | VQ =2.4V 
loH = High-level output current : 
Vit = 0.8 V Vo=5.5V 


oy Vcc = MIN, Vin = 2V, 
VoL Low-level output voltage ce “as 
. ViL = 0.8 V, IcL_ = MAX 








'" . Input current at maximum 
ly : Vcc = MAX, Vv} =5.5 V 
input voltage. 
ltt ~= High-level input current Vcc = MAX, Vy =2.7V . 2 
1j,, Low-level input current [Vcc = MAX, V;=0.5V —25 F250) 


2 105 135 100 135 125 175 
Icc Supply current Vcc = MAX 


tT For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
¥ All typical values are at Vec=5V,T,~- 25°C. 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ta(a) ta(s) tPLH 


; : : : Propagation delay 
Access time from Access time from chip ; 

TEST CONDITIONS ’ time, low-to-high-level 

select (enable time) : 

- output from chip select 


| 
RL2 = 600 2, 
See Page 1-12 


NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits 





‘(formerly 74 Family). 
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SERIES 24 AND 28 


STANDARD PROGRAMMABLE READ-ONLY MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 


TBP28SA 166 
UNIT 


NOM MAX 
5 
5 5.25 


PARAMETER 


Supply voltage, Vcc 


ff 


High-level output voltage, Von 


; 
i 


Low-level output current, Io 


2 


4.5 5.5 


Operating free-air temperature range 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


BP28SA166 
PARAMETER TEST CONDITIONSt \ UNIT 
: MIN TYPE = MAX 


Vik___Tnput clamp voltaae v 
Vec = MIN, Vin =2V, 


Vit =0.8V 
Vcc = MIN, Vip =2V, 
ViL=O0.8V, lot 





1OH High-level output current 


PPE LS EERE 






Vv 


2 
anf; 
1 mA 
25 


VOL Low-level output voltage 





1) Input current at maximum input voltage 


TH High-level input current 
Ne “Low-level input current 
Icc Supply current 


TEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
Lan typical values are at Voc = 5 V, Ta = 26 C:; 


switching characteristics over recommended ranges of TA and VCC (unless otherwise noted) 


ta(A) ta(S) ‘PLH 
Propagation delay 


ess time from ess time from chi : . 
INE neces . time, low-to-high-level 


address select {enable time : 
( output from chip select 


CL = 30 pF, 
Ri; = 3002, 
RL2= 6002, © 
See Page 1-12 


TBP28SA166 





NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits 
(formerly 74 Family). 


a RR Tata Oa ee RO ee ee | 
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SERIES 24 AND 28 
STANDARD PROGRAMMABLE READ MEMORIES 
WITH 3-STATE OUTPUTS 


recommended operating conditions 


TBP24S10 | TBP24S41 TBP24S81 ie 
hisdicinaldat | | MIN. NOM MAX | MIN. NOM MAX | MIN NOM MAX 
4.5 5 5.5 | 45 7 


5 55 | 4.5 
Supply voltage, Vcc 4.75 5 5.25 | 4.75 5 5.25 | 4.75 5 5.25 
High-level ] este ae ee ed . ae 
igh-level output current, |IOH TiN | 
| No ee ee ee 


Low-level output current, loi 


















Operating free-air temperature range 







electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


TBP24S10 


MIN TYP# MAX/MIN TYP* MAX 


ee ee 
Vit Low-level input voltage Sa) 
Vik Input clamp voltage Voc = MIN, ly = —18 mA Pt = 


Vec=MIN, Vip =2V, 
VoH High-level output voltage th re a ee 24 3. 
IL =~ 9-8 V,'QH ~ 
Veer =MIN, Vin =2V, 
VOL Low-level output voltage vig! 08V i Sas | 88 
Off-state output current, 
1OZH : : Vcc = MAX, Vip =2V,VQ9= 2.4 V 
high-level voltage applied 
' Off-state output current, y MAK Wis VAS ORY 
OZL  tow-level voltage applied ce oe psc uae 
Input current at maximum _ 
1 ; Vcc = MAX, V,=5.5 V 
input voltage 


lH High-level input current Vec = MAX, Vj =2.7V a; 





PARAMETER TEST CONDITIONST TBP24S41 TBP24S81 UNIT 


| 


MIN TYP* MAX 
ViIH High-level input voltage 


—_ 


2.4 3.1 


o 
Oo 
= 
> 


nN 
| 
ND oh 
o N 


= 
> 


2 

24 3 

5 —250 
—30 —100)—-15 ~100 
—30 


—25 BA 


—1.2 
ay 
Ne Low-level input current Vec = MAX, V; = 0.5 V —250 
Short-circuit 0 
los Vcc = MAX 
output current? . — 
75100 


aes ORT 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions 


3 


—20 —10 
125 175 


I Supply current 
cc i Aa 125 175 





+All typical values are at Voc = 5 V, Ta = 25°C, 
§ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 










ta(A) ta(S) tpxz 


Access time from Access time from chip 






TYPE TEST CONDITIONS 













Disable time 





address select (enable time) 


MIN TYP MAX MIN TYP MAX MIN TYP MAX 









TBP24S10 


CL = 30 pF 
TBP24841 for tal) 


and ta(s), 


TBP24881 CLES RE 











ee 

ee ee 

[as as Poo | 
20 


NOTE: MJ designates full-ternperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits 
(formerly 74 Family). 


aS 
Oo 
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SERIES 24 AND 28 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 





recommended operating conditions 


PARAMETER TBP28s42 , TBP28S45* TBP28S46 - TBP28S85* 
MIN NOM MAX 


Supply voltage, Vcc 


High-level output current, Ioy 


Low-level output current, Io. 


Operating free-air temperature range 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


TBP28S42 
PARAMETER TEST CONDITIONS? TBP28S45* TBP28S46 TBP28S85* UNIT 


MIN TYP* MAX|MIN Le MAXiMIN Te MAX 


Vit Low-level input voltage 
Vik Input clamp voltage a MIN, 1) = —18mA —1 5 -_ 


Veco =MIN, Vyy=2V, 
High-level output voltage 
Vit =0.8 V,loH = MAX 
MIN, V 2V, 
Low-level output voltage VCC = IH ™ 
Vit =90.8 V, lot = MAX 
Off-state output current 
l : Vee = MAX, Vi =2V,V0Q=24V BA 
Off-state output current, 
Vcc = MAX, Vip =2V,V09=0.5 V 
low-level voltage applied 
Input current at maximum 
Vcc = MAX, Vv; = 5.5 V 
input voltage 
lH High-level mu current Vcc = MAX, V, = 2.7 V 
ii, __Lowstevel input current | Voe= MAX, Vj = 05 a 
Short-croul Exe) Le aC] 
_ Vec = MAX Mi _{-8 


Pa 100 135 100135 Se , 
Supply current _ | Veco = MAX 100 135 100 135] 110 ~~ ~‘/| 


T For conditions shown as MIN or MAX, use the appropriate vaiue cadeines under recommended operating conditions, 
* All typical values are at Veg = 5 V, Ta = 25°C. 
8 Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 





los 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ta(A) ta(S) tpxZ 


Access time from Access time from chip : ’ 
TYPE TEST CONDITIONS . Disable time 
select (enable time) 


TBP28S42 CL = 30 pF 
TBP28S45* for ta(A) 


J,N | Cy_=5pF 


TBP28S85* for tpxZ 


*Electrical parameters for these devices are design goals only. 
NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits 
(formerly 74 Family). 


MJ dt See Page 1-12 
TBP28846 = ane talS), 
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SERIES 24 AND 28 | 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES 


WITH 3-STATE OUTPUTS 


recommended operating conditions 





TBP28S2708 
NOM MAX 


pubply Yeltags, YEG LN | 4.75 5 5,25 | 4.75 5 5,25 | 4.75 


MJ 

J,N 

MJ 
High-level output current, IoH TN 

. MJ 

Low-level output current, IOL TN 
7 

Re en ee es NM ee 
J,N 0 70 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


TBP28S86 TBP28S166 TBP28S2708 


UNIT 
MIN TYP* MAX {MIN TYP? X|MIN TYP? MAX 
ee Oe eee 
—1 



















PARAMETER TEST CONDITIONSt 





MA 
Vit__Low-level input voltage | 
Vik Input clamp voltage Voc = MIN, 1) =—18MmA 2 
igh- | 24 3 


IH 
Vec = MIN, Vin =2V, 
High-level output voltage 24 32.1 A 
OH " e : Vit = 0.8 V, lon = MAX 
V =MIN, Vin =2V, 
VoL _ Low-level output voltage ae 08V a pare 
Off-state output current, 
lOZH : = oe ; Veco = MAX, Vip =2V,V0= 2.4 V 
high-level voltage applied 
Off-state output current, 
I V =MAX, Vin =2V,Vo=0.5V 
O2L low-level voltage applied cc tH 0 
Input current at maximum 
ly ; Vcc = MAX, V}=5.5 V 
input voltage 


WH High-level input current Vcc = MAX, V,=2.7V ; 
Me Low-level input current Vcc = MAX, VV, =0.5 V 


Short-circuit y = MAX 
OS output current8 ; cc —20 —100 


V 









163) 
Oo 


=250[ = 250" nA] 
5100] 


| mee ‘ re 125 175 130 125 175 ss 
n = 
cc upply curre cc 125 175 130 125 175 


V 
uA 
uA 
mA 

25 RA 
uA 


i 
N) 
an 
Oo] om 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions 
+ All typical values are-at Vog = 5 V, Ta = 25 C. 
8 Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


'  ta(A) ta(S) tpxZ 
Access time from Access time from chip Disable time: 
TYPE TEST CONDITIONS aren select (enable time) 


TBP28S86 CL = 30 pF 

fort 
TBP28S86-6 alA) 

and tag(s). . | See Page 1-12 
TBP28S166 

Ci =5pF 


TBP28S166-55 


fort 
Tep2ss2708. | PXZ 





NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits 
(formerly 74 Family). 
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SERIES 24 AND 28 


LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 


PARAMETER 


Supply voltage, Vcc . 


High-level output voltage, VoH 


MJ 
Low-level output current, lon ; 
: 
Operating free-air temperature range 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONSt 


Vik___ Input clamp voltage Vcc = MIN, 1)=~—18 mA 


Voc = MIN, Vip =2Y, Vo=2.4V 
H High-level output current cc 1H O 

Vit=0.8V Vo =5.5V 
L 





lo 
O , 
1} Input current at maximum input voltage Vcc = MAX, Vv, = 5.5 V 


NH High-level input current Vcc = MAX, V,=2.7V Pf 
ii ___Low-level input current Voc = MAX, V = 0.5 V 


75 
Vcc = MAX mA 
75100 


Tt For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
FAII typical values are at Voc = 5 V, Ta = 25°C. 


Vcc = MIN, Vip =2V 
V Low-level output voltage 
Vit =0.8V, lop = MAX 


lec Supply current 





switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ta(A) ta(S) ~ tPLH 


aerere state hi Propagation delay 
TEST CONDITIONS cress ae tegm Access UME TORUCDID: | aime, low-to-high-level 
address select (enable time) ee 
output from chip select 





MJ 
R.1 = 3002, 
TBP28LA22 
Ria = 600 2, 
J,N 
See Page 1-12 


NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits 
(formerly 74 Family). 
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SERIES 24 AND 28 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS | 


recommended operating conditions 


TBP28L22 TBP28L42 , TBP28L46 TBP28L85* 
PARAMETER 7 UNIT 
4 





MI NOM MAX IN NOM MAX | MIN NOM MAX 

p45 0 6 6S] 4666S [46S 
4.75 5.25 75 4.75 5 5.25 

—5 —5 


N . 
M 
Supply voltage, Vcc j 5 475 5 5.25 | 
ee Cs er = 
mA 
J eae a oe = ee ee 
feces ee OOS wc a ee mA 
J eee °2 eee 
5 125 5 125 |-55 125 | 2° 
0 = 


5 5,25 
—1.6 
70 


J 
/N 
J 
/N 
MJ 
/N 
MJ 
J,N 


. Operating free-air temperature range 


PARAMETER 


VIH High-level input voltage 

VIL Low-level input voltage 

VIK Input clamp voltage: 

Vcc = MIN, Vip =2V, 
Vit = 0.8 V, lo = MAX 
Vcc = MIN, Vip = 2V, 
ViL =0.8 V,loL = MAX 


, Off-state output current, ese Aire AEN ROY) 
02H high-level voltage applied ce pe a 
' Off-state output current, Wa eae eee 
O2L low-level voltage applied ce em ts as 
Input current at maximum 
ly / Vcc = MAX, V;,=5.5 V 
input voltage 


NH High-level input current Vcc = MAX, V) = 2.7 V 


ne Low-level input current Vcc = MAX, V; =0.5 V 


VOH High-level output voltage 


VoL __ Low-level output voltage 


Short-circuit 


! 
02 output current 8 


loc Supply current 





tT For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
* All typical values are at Voc = 5 V, Ta = 25°C. 
8 Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 


switching characteristics over recommended ranges of T A and Vcc (unless otherwise noted) 


ta(A) ta(S) tpxZ 


Access time from Access time from chip 
TEST CONDITIONS Disable time 
address select (enable time) 


MIN TYP MAX | MIN. TYP MAX | MIN TYP 
ea aigee 45 75 | 20, 40 
Cees 45. 70 


if 
TBP28L42 or fa(A) 


2 


5 
5 
25 


TBP28L85* for tpxz 





20 40 
ne 
Tapzeras [aN | ore taish | Sets ss | SCO|CSC‘ SCC 
~Cy =SpF , 
P= | 


* Electrical parameters for these devices are design goals only. 
NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 
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SERIES 24 AND 28 
POWER-DOWN PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 





recommended operating conditions 


TBP28L86 TBP28L 166* 
PARAMETER 


MIN NOM 














Vec = MIN, ViH=2V, 

VOH High-level output voltage y O8v.| AK 2.4 3.1 2.4 3.1 
IL ~ ¥. *'OH ~ 

Vcc = MIN, Vin =2V, 
VOL Low-level output voltage ie o8sv.t is MAX 
IL=¥. »*OL* 
Off-state output current, 
lO7H ; : Vcc = MAX, Vip =2V,VQO=24V 
high-level voltage applied 


PARAMETER 


' Off-state output current, Vv MAX. V ovV O5V ‘aK 
OZL low-level voltage applied ce ie = 
Input current at maximum 
1 ; Vec = MAX, V;= 5.5 V 1 
input voltage 
ii,__bowlevel input current | Vog=MAX, Vi=0.5V uA 


| Short-circuit ee 19000 
= m 

OS output current ce -—10 —100 

Ice Supply current Vcc = MAX 


t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ All typical values are at Vcc = 5 V, Ta = 25°C, 
SNot more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 





switching characteristics over recommended ranges of TA and VCC (unless otherwise noted) 


ta(A) ta(S) tPxZ 


Access time from Access time from chip . ; 
Disable time 


address select {enable time) 


MIN TYP MAX MIN TYP MAX MIN TYP MAX 


85 175 


talA) and ta(s) _| See Page 1-12 g5 130 | ss 0 | 


75 
TBP28L166* CL =5pF for tpxz ee ee ee = | ns | 





*Electrical parameters for these devices are design goals only. 


NOTE: MJ designates full-temperature-range circuits (formerly 54 family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 
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SERIES 24 AND 28 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 





recommended operating conditions 










TEP2aP42*, TEP2EP46* TBP28PE5* TBP28P 166* 
PARAMETER PMN Nom Max [MIN NOM MAX | MIN” Nom Max] TIT 
Supply vol V 
upply voltage, Vcc | JN | 
/N : oo eee 7 
High-level out t | 7 3 2 x 
igh-level output current, IO [a CATH 
“Ni —3.2 
a 4 pms ft | 
ow-level output current, iOL PN Pte ft 
i oe 
| 
J,N 


—55 125 —55 125 —55 125 
Operating free-air temperature range 


7o | 0 70 | 







TBP28P42* 
TBP28P46* TBP28P85* TBP28P 166* 


MIN TYP* MAX|MIN TYPt MAX] MIN TYP* MAX 
2 


ee ee eae ee oe 


Vcc = MIN, 1) =—18mA . 
Vcc = MIN, Vip =2V, 
he HW 24 3.1 24 3.1 
Vit = 0.8 V, loy = MAX 
Vcc = MIN, Viy=2V, 
Vit =0.8V, lot = MAX 
Off-state output current, 
lozH .. | Veg = MAX, Viy =2V, VQ =2.4V 
high-level voltage applied 
' Off-state output current, Vik= MAC So ARE ORY 
O2L jow-level voltage applied cc an oor 
Input current at maximum 
| ; Vcc = MAX, V,=5.5V 
input voltage 
Ij = High-level input current Vcc = MAX, V,=2.7V 
I1L__Lowlevel input current | Vog= MAX, V1=0.5 V 


Short-circuit 
los Vcc = MAX mA 
output current & 
Supply | Power Up 
lec 3 Vcc = MAX mA 
current | Power Down 
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating cqnditions. 


+ All typical values are at Voc = 5 V, Ta = 25°C. 
SNot more than one output should be shorted at a time, and duration of the short circuit should not exceed one second, 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 










ta(A) ta(E) texz 
Access time from Access time from chip : . 
TYPE TEST CONDITIONS ’ Disable time UNIT 
; address enable (enable time) 
MIN TYP MAX | MIN TYP MAX MIN TYP MAX 
TBP28P42* - 
Tepzepage | CL” 30PF for 
Tep2gpgs* | ‘a(A) and tale). 
Tep2epi66 | CL OPE for texz 


"Electrical parameters for these devices are design goals only. 
















ee 
See Page 1-12 

as: eee ae | eee Een | eee ee cee 

ae ae ee cee (ee, | eee ee ed 


NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 
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| | SERIES 24 AND 28 
REGISTERED PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 





recommended operating conditions 
TBP28R165* 
PARAMETER TBP28R46* TBP28R85* TBP28R 166* UNIT 
Md 
JN 
MJ 
JN 
0 0 
0 0 
0 
i) 
5 
a) 70 










NJ 














NO 


mA 
MJ Pe sled 
Low-level output current, IoL cn Cis mA 


Clock pulse widih high, twicH) | 200 
Clock pulse width low, tw(CL) = ee) 
INTT pulse width low, ty()L) (’R165 only) ee el 


6 


4 
a | 
2 
2 
2 





20 


[chip select stu time, tys)—SSSCSCSSCSCSCSCSCidC 


Operating free-air temperature range 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


TBP28R 165* 
[vin ighieverinpunvorase [ pew 
TVin_Lowlevel inputvoriage | 


Ee eed 2 
Vik Input clamp voltage Vcc = MIN, 1)=—-18mA a) 


2 
; Vec = MIN, Vip =2V, 
VoH_ High-level output voltage 2.4 
Vit = 9.8 V, lon = MAX 
—20 


6 
pe 

20 
nna = 

20 <7 
i a TT 
ae 0 ee Fo 

5 ae i EY Sr 

55 5 


1 
125|-55 125 | —55 125 | 4. 













TEST CONDITIONST 






| 
— 
N 







24 3.1 


2 
24 3.1 









' Off-state output current, Vase MAR SOR SOBY 
O2U low-level voltage applied ce ee sb is 
Input current at maximum 
ly ; Vcc = MAX, V;=5.5V 
input voltage 
tity High-level input current | Voc = MAX, V; =2.7 V ee fF 
iiL__Lowlevel input current _| Veg = MAX, Vi=0.5V 


A 
5 
0 
Ing Short-circuit cane IMJ =| -15 ss —-100]-15 —100 |—15 =100) 
OS output eurrent8 as rN [20 —1o0|-20 100-20 —100| 
A 


a |e ee | 
Icc Supply current Vcc = MAX 


m 
| to | tt 140 


tT For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
* All typical values are at Voc = 5V, Ta = 25°C. 
$ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 


uA 
m 


a 24 aa 
Vee=MIN,Vin=2V,  [M_| —~SoSpSC~*~t 
VoL Low-level output voltage ce a io 
Off-state output current, . SEMAN sO Vane way 50 
02H high-level voltage applied ce aad td ieee, 
od 
7 ne? 
110 


2 


.= 
B 


{ 
N 


Er 
B 


| 
—_ 
° 








* Electrical and switching parameters for these devices are design goals only, 





NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits (formerly 
74 Family). 
TEXAS INSTRUMENTS 2-31 
INCORPORATED 


POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


2-32 


SERIES 24 AND 28 
REGISTERED PROGRAMMABLE READ-ONLY MEMORIES 
WITH 3-STATE OUTPUTS 





switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 
types TBP28R46*, TBP28R85*, TBP28R165*, TBP28R166* 


ta(C) Access time from clock 
tPXZ(C) Output disable time from clock CL = 30 pF, 


tPXZ(G) Output disable time from 


tPZX(C) Output enable time from clock See Page 1-12 





tPZX(G) Output enable time from 


* Electrical and switching parameters for these devices are design goals only. 


PARAMETER MEASUREMENT INFORMATION 


ADDRESS 
INPUTS 





= XXX | A 


t ist 
tsu(G) thiG) tsu(G) thiG) su(G) 

Cc 

INPUT 
twiCL) tw(CH) 
*Pxz(c) tPzx(C) ta(C) 
Q1-08 | | 
OUTPUTS y ( 
tPX2Z(G) em) 

G 

INPUT 


FIGURE 1 — SWITCHING WAVEFORMS FOR TYPES TBP28R45, TBP28R85, TBP28R165, AND TBP28R166 


a ENT BT ON Pa eR TS Se eet el 
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SERIES 24 AND 28 
PROGRAMMABLE READ-ONLY MEMORIES 





recommended conditions for programming (see Figure 2) 






Cin NOM MAX [UNIT | 


Steady-state supply voltage 4.75 5 5.25 
LM Sf ae Ae 


ee a ee 
Voltage at all outputs except the one to be programmed a a 


Supply voltage level to program a bit VcCipr) 5.75 6 6.25 
Select or enable level to program a bit - Vsipr) | 9.75 10 11 






Input voltage 

























Output level during interval ts VO(pr) | 15.75 16 16.25 V 
Low 4.4 4.5 4.6 
Supply voltage during verification (see step 14) | bow 





High 





Time for Vcc to settle and to verify need to program 






Time from Vcc = 6 V until chip select (enable) is at 10 V 2 






Time from chip select (enable) high to start of program ramp 3 






Ramp time, output program pulse t4 






Duration of output program pulse 5 


Time from end of program pulse to chip select (enable) low 6 


Time from chip select (enable) low to Vcc = OV 









Time for cooling between bits 









Time for cooling between words 
Clock pulse duration (registered PROMs) 


om fe | es | ot fot etl et] 
—_ 









Free-air temperature 





step-by-step programming instruction (see Figure 2) 


1. Address the word to be programmed, apply 5 volts to Vcc and active levels to all chip select (S and S) or chip 
enable (E and E) inputs. 


2. Verify the status of a bit location by checking the output level. For registered PROMs a clock must be applied 
to the clock pin to verify the output level. 


Decrease Vcc to 0 volts. 

For bit locations that do not require programming, skip steps 5 through 11. 

Increase VCC to VCC(pr) with a minimum current capability of 250 milliamperes. 

Apply VS(pr) to all the S, E or G inputs. !; <25 milliamperes. Active-high enables may be left high. 


Connect all outputs, except the one to be programmed, to Vii. Only one bit is to be programmed at a time. 


Fe SY oP 


Apply the output programming pulse for 20 microseconds. Minimum current capability of the programming 
supply should be 250 milliamperes. 


9. After terminating the output pulse, disconnect all outputs from V|,_ conditions. 
10. Reduce the voltage at S, E, orG inputs to V]L. 
11. Decrease Vcc to 0 volts. 
12. Return to step 4 until all outputs in the word have been programmed. 
13. Repeat steps 2 through 11 for each word in memory. 


14. | Verify programming of every word after all words have been programmed using Vcc values of 4.5 and 5.5 volts. 
Note that registered PROMs must be clocked to verify the output condition. 
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‘srlL & aq PjNOYs Sau. jjey PUe asiy “AUS SIWOYd Peasaisibay, 
a i 
#A9I0T9 
Hi,pa— — 
| | | 
0<3- za | nak [ 
— le—o< 
| 
10AQ —_—_—_—— >-——_+ 
j | | 
o—al | GAWWVYSOud 
| ONIa 
} LNdLno 
| 





4 }- $+ ! 


(44)S, —— —_ — 
LIS LXIN LYVIS 

“| hoot / 
ean ane 


WA——__—_——$ $—_—__$ 


ssayuqaqv 
GHOM MAN 


Hi, ——_—_——$ -———__—_-{ 











SLAdNI 


QITVA SSAYGGV GHOM 
ssaY¥dqqv 
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TTL 
MSI 


description 


Each of these 16-bit active-element memories is a 
high-speed, monolithic, transistor-transistor-logic 
(TTL) array of 16 flip-flops and two write amplifiers 
interconnected to form a scratch-pad memory with 
direct-address and nondestructive read-out. These 
devices are interchangeable with and replace SN5481, 
SN7481, SN5484, and SN7484, but feature 
diode-clamped inputs, improved switching speeds, 
and lower supply current requirements. 


The flip-flops are arranged in a four-by-four matrix 
with each flip-flop representing one bit of 16 words. 
Four X-address lines and four Y-address lines permit 
the address of one bit at a time. Each flip-flop, 
composed of two cross-coupled three-emitter tran- 
sistors, is used to store one bit. To determine if a 
logic 1 or logic O has been stored, it is necessary to 
know which one of the two flip-flop transistors is 
conducting. One emitter of each of these transistors 
serves as the sensing output. All 16 of the logic 1 
sensing Outputs are connected to the sense 1 ($7) 
amplifier input and all 16 of the logic O sensing 
outputs are connected to the sense 0 (Sg) amplifier 
input. The two remaining emitters of each transistor 
are used to complete the matrix connections neces- 
sary for the X- and Y-address lines. Address line 
inputs are normally held low and currents from all 
conducting flip-flop transistors flow out of these 
address lines. 


To address a flip-flop both the X- and Y-address lines 
associated with that flip-flop are taken to a high level. 
Due to the matrix nature of the circuit, at least one 
address line of ali flip-flops except the one being 
addressed will continue to remain at a low level and 
no change will occur in those flip-flops. But, in the 
addressed flip-flop, the current in the conducting 
transistor diverts from the address lines to the 
appropriate sense line and then to one of the sense 
amplifiers. Thus, either the sense 1 amplifier or the 
sense 0 amplifier is activated. When this occurs, the 
output of the activated sense amplifier drops from a 
high logic tevel to a low logic level. The memory is 
nondestructive as the states of the flip-flops are not 
disturbed during sensing. The memory is volatile and 
information will be lost if the supply voltage is 
removed. 





logic symbols 





X1 
X2 
X3 
X4 


Y1 
Y2 
Y3 
Y4 


W1A 
W1B 
WOA 
WwOB 


TYPES SN5481A, SN5484A, SN7481A, SN7484A 
16-BIT RANDOM-ACCESS MEMORIES 


D1332, DECEMBER 1972 


SN54’... J PACKAGE 
SN74’...J OR N PACKAGE 
(TOP VIEWS) 


"B1A 


RAM 16 X 1 





RAM 16 X 1 


1A, 2A,S 
1A, 2A,R 
1A, 2A,R 
1A, 1A,S 














To store new information in a flip-flop, it is necessary to address it and apply a high-level voltage to the appropriate 
write amplifier. (The SN5484A and SN7484A have gated write-amplifier inputs). The output of the write amplifier 
responds by dropping to a low logic level. Since all Sense 0 lines are connected to the output of the write 0 amplifier 
and all sense 1 lines are connected to the output of the write 1 amplifier, a low level at the output of a write amplifier 
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TYPES SN5481A, SN5484A, SN7481A, SN7484A 
16-BIT RANDOM-ACCESS MEMORIES 





description (continued) 


will cause the emitters of all flip-flop transistors connected to that amplifier to go low. In all the flip-flops except the 
one being addressed, this low voltage has no effect since at least one other emitter on each of the flip-flop transistors is 
held low by the address lines. Two possibilities exist with the flip-flop that is addressed. The flip-flop may already be in 
the desired state, in which case no change occurs. If the flip-flop must be changed from one state to the other, the low 
voltage applied to the emitter of the transistor which is not conducting turns that transistor on causing the other 
transistor to turn off. 


Since the connection between the output of the write amplifier and the sense line is common to the input of the sense 
amplifier, the memory cannot be used to provide information on the state of a bit while the write amplifiers are 
activated. 


A’number of active-element memories may be paralleled to form the desired matrix size (number of words) and to form 
the desired word length (number of bits). All inputs and outputs are compatible with most DTL and TTL circuits. 
Average power dissipation is typically 225 milliwatts, and the open-collector outputs may be wire-AND connected to 
similar outputs. Internal circuitry of the write and sense amplifiers are operated within their linear range to improve 
speed. Sensing propagation delay times are typically 12 nanoseconds when operated at full fan-out and 30 picofarads of 
circuit capacitance. The SN5481A and SN5484A circuits are designed for operation over the full military temperature 
range of —55°C to 125°C; the SN7481A circuits are designed for operation from OC to 70°C. 


logic diagram 


SN5481A/SN7481A 


W4 


= 
° 


f 


“TSN 
i 


ft 


AE 





x 


< 
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TYPES SN5481A, SN5484A, SN7481A, SN7484A 
16-BIT RANDOM-ACCESS MEMORIES 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vec\see Note 1). . a-2 0G aie ee RM ao ew wa a Ow Ba Se ce eo we ae ae ee OY 
IMmOUTVOlIGde. 4:6 ou & & fae Sie we Be ee ee Ae A ee Be Ea eR eS OV 
Interemitter voltage (see Note 2) oy oh Va3- apes ae. Bete ee He, ok GP OSes Je, BOE gs at ee BE ee 
High-level Output Voltage... 4 la a5. Se ld a. an Bo Se ee ce es ee ee es ae Pe a re Se te a BV 
Operating free-air temperature range: SN5481A, SN5484A Circuits . ........ 2.2. =. —55°C to 125°C 

a SN7481A, SN7484A Circuits 2... 2... 1 ew... OPC t0 70°C 
Storage temperature range. ke ee a we a we OS eee BS Re x —65°C to 150°C 


NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 
2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to any X input in 
conjunction with any Y input. 





recommended operating conditions 


[High-level outputvoliage, VOC‘ 
Low-level output current, lo. i 
Width of write pulse, tw(write) (see Figure 1) ee ae ee Pee 

[Address input setup tine tgy Gee gue) Cd dd 












electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN5481A, SN5484A |SN7481A, SN7484A 
PARAMETER TEST CONDITIONST UNIT 
MIN TYPt MAX] MIN TYPt MAX 
Vy, Lowlevel voltage ee) 
Vii Low-level voltage at write inputs Bee Be 








< 


Vik Input clamp voltage Voc = MIN, 1) = —12 mA 24:5 
Vou _Lovrlevel output voltage Voo= MIN, To.=MAX | oat SSCS~S~—Y 


r ; Vcc = MAX,V| = 5.5 V mA 
maximum input voltage fe. a 


Ze Mi . Z 
liu =©=0s High-level input current uA 


< 






at 
1j, Low-level input current Vcc MAX, V, = 0.4 V mA 
fs? et 
Vcc = MAX,All inputs at 0 V 70 
Icc Supply current mA 
Vcc =5V, Allinputs atO V 45 60 45 60 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ AII typical values are at Vec=5V,TpA= 25°C. 











1076 


TEXAS INSTRUMENTS 2-37 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


2-38 


TYPES SN5481A, SN5484A, SN7481A, SN7484A 
16-BIT RANDOM-ACCESS MEMORIES 





switching characteristics, Vcc =5 V, lol = MAXtT, Ta = 25°C, see figure-1 
LOCATION SN5481A, SN5484A | SN7481A, SN7484A 
PARAMETERS | TEST CONDITIONS , 
ADDRESSED MIN TYP. MAX| MIN ‘TYP MAX 


tsp : XT — 
e.= 2008F [ta 
| Cy = 30 pF re ee 


= 13 3 
Y1 

= 1 8 30 
: 

ue var C= 200 pF 1827 

oo C. = 30 pF nie 13. 20 12 19 

PLH ss 7 18 27 
= 16 17 26 
= 13 13 20 
19 28 




















1 
Cy = 200 pF 
C1 = 30 pF P1018 

baile 





1 

1 

1 
[7 ~o= 20057 dts | 
X1 thru X4 and Y1 


TFEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 


type. 

Stsp = Sense recovery time after writing 
tpy_ = Propagation delay time, high-to-low-level output 
tpLyH = Propagation delay time, low-to-high-level output 


schematic | 
fo ee ay oe oe Fa MeMORYCELL —ttsti‘is~—sSCS@Y 


{1 OF 16) 


‘y 
ADORESS 








x: 
ADDRESS 


TO3 
OTHER CELLS 


TO ALL 
OTHER CELLS 


LOGIC1 TO3 ; LOGIC DO 


LINE OTHER CELLS LINE 
i WRITE AND SENSE AMPLIFIERS 7} 
(1 OF 2) 
LOGICOOR1 
LINE 


Vcc 


Wota) or Waa) Sq or Sq 


Wois) or Wi(B)t —-—i— ~o=K 


TWop) and W, (B) inputs (indicated with dashed lines) are applicable for the SN5484A, SN7484A only. 


Vy . - « Vee bus 


Resistor values shown are nominal and in ohms. 
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TYPES SN5481A, SN5484A, SN/481A, SN7484A 
16-BIT RANDOM-ACCESS MEMORIES 





PARAMETER MEASUREMENT INFORMATION 







Sg OUTPUT 
3.5 V 


























ADDRESS 2 ee aia 
PULSE Fe: LOAD 7 
GENERATOR fe) | CIRCUIT 
ul | 
(See Note A) wi | (See Note E) 
q | 
26 | 
Wo PULSE w 2 CL 
GENERATOR <2 | 
(See Note A) 5 q | 
S | 
TC (cn | MRT: Mam (ID ce PDEs geiees renner eee a 
W, PULSE - a i ee 4 
GENERATOR LOAD CIRCUIT 2 
(See Note A) (Same as load circuit 1} | 
eta ae Meee cee Ss 



















ADDRESS 
INPUT 
Wo INPUT 
Wy INPUT 
Sg OUTPUT 
——_ | M—tsA (See Note D) 
“| VOH 
S1 OUTPUT {  15v 
4 “ 
SENSE-RECOVERY TIME VOLTAGE WAVEFORMS oO 
}<¢———100 ns 
<10 ns—poml | Lea | ME < 100 
oe en OEE eee —3Vv 
ADDRESS | our 
15V 15V 1 
INPUT 10% ; , ov 
>; he "su ; | 
<10ns—fo | ag >| bet <10 ns | ~ 3 
— ee ee el os Ce * | es Semen San, SS a er ee en ae V 
pita ! | Hoon oo | i ! 
: 1.5V 15V 7 
(Wo or W4) 10% 10% 
a ¥ 
OUTPUT 
(So or Si) 
PROPAGATION DELAY TIME VOLTAGE WAVEFORMS 
NOTES: A. The pulse generators have the following characteristics: for the address pulse generator, PRR = 2 MHz; for the Wg and Wy pulse 


Le 


generators, PRR = 1 MHz. 

Cy, includes probe and jig capacitance, 

For the SNS5484A and SN7484A, unused Wo and W, inputs are at 3.5 V. 

tgp = sense-recovery time 

For the SN5481A and SN5484A: R11 = 240 2 and R2 = 560 2. For the SN7481A and SN7484A: R1 = 120 2 and R2 = 3302. 


FIGURE 1—SWITCHING CHARACTERISTICS 
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TTL TYPE SN7489 
MEMORIES 64-BIT RANDOM-ACCESS READ/WRITE MEMORY 


D1416, DECEMBER 1972 — REVISED MAY 1975 





JOR N PACKAGE 





7 ° aa " (TOP VIEW) 
e For Application as a ‘Scratch Pad’’ Memory 
with Nondestructive Read-Out Kor <3 ‘eis 
e Fully Decoded Memory Organized as 16 _ 
Words of Four Bits Each ME 2 15 Al 
e Fast Access Time... 33 ns Typical oe 14 A2 
e Diode-Clamped, Buffered Inputs 
Di 4 13. A3 
e Open-Collector Outputs Provide Wire-AND 
Capability Qi 5 12 D4 
e Typical Power Dissipation ...375 mW Sa: ie nO 
e Compatible with Most TTL and DTL Circuits 
Q2 7 10 D3 
description _ 
GND g 9 Q3 
This 64-bit active-element memory is a monolithic, 
high-speed, transistor-transistor logic (TTL) array of . 
64 flip-flop memory cells organized in a matrix to logic symbol 
provide 16 words of four bits each. Each of the 16 RAM 64 X4 
words is addressed in straight binary with full on-chip 
decoding. 


The buffered memory inputs consist of four address 
lines, four data inputs, a write enable, and a memory 
enable for controlling the entry and access of data. 
The memory has open-collector outputs which may 
be wire-AND connected to permit expansion up to 
4704 words of N-bit length without additional output 
buffering. Access time is typically 33 nanoseconds; 
power dissipation is typically 375 milliwatts. 





Write Complement of Data Inputs 





Read Complement of Selected Word 


Inhibit Storage Complement of Data Inputs 
Do Nothing High 





write operation 


Information present at the data inputs !s written into the memory by addressing the desired word and holding both the 
memory enable and write enable low. Since the internal output of the data input gate is common to the input of the 
sense amplifier, the sense output will assume the opposite state of the information at the data inputs when the write 
enable ts low. 


read operation 
The complement of the information which has been written into the memory is nondestructively read out at the four 


sense Outputs. This is accomplished by holding the memory enable low, the write enable high, and selecting the desired 
address. 





581 


TEXAS INSTRUMENTS 2-41 


INCORPORATED 


POST OFFICE BOX 225012 @© DALLAS, TEXAS 75265 


64-BIT RANDOM-ACCESS READ/WRITE MEMORY 


TYPE SN7489 


DATA 
OUTPUTS 


MEMORY CELLS 
BIAS NETWORK 
SENSE LINE 

BIAS NETWORK 
OUTPUT 





EE Eel dee ay Fe 

ep 7s ep ay ath ay stp es z =) or * ‘ad 
3 m a 3 sy J] Eel SJ] ay ay rf 

eh ley Ea ey oa - 


en 


bec oeeeueoesses st 


Sgeseees augunng ff 


v) 
E 
~ 
o. 
= 
= 
Lo) 
= 
= 
< 
u. 
Oo 
= 
<q 
= 
ou 
> 
- 


a> 








re a a a 
EE meses rH ae +6 4 8864 = 3 = 
rT {J [{ [qv] +——_ + =a en ora 2 >> 
aa a a z ec 
rs) ost 
=| a toi 
f+) io WwW oo 
a o 
= eg co 
E ro) ve) 
- nw 
S el 2 53 
=) A A & A /\ \ s | a 
< £ < os = 
be = 2 a < 
x Q. > fa 
= /\ /\ LN /\ /\ £j)o 
Oo : oe ul! 
2 - = 3 Z 8 ° 
i) x as g “Ss “g E re 
c Sa A — 
2 -_ 
S sé Be 30] 
7) Gp & 
c az rT) 
<= 
= oO 
a “A 
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TYPE SN7489 
64-BIT RANDOM-ACCESS READ/WRITE MEMORY 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage, Vcc (see Note 1) .. 2. 1. 1. ee 7V 
Input voltage (see Note 1)... . we kk a 55 V 
High-level output voltage, VOH (see Notes1and2) §. ............ 2.0.0.8... .. . 559V 
Operating free-air temperaturerange  . . . . . we ee ee eee) 6OPE tO 70°C 
Storage temperature range . . . 2. 1 1 ee ee ee —65°C to 150°C 


NOTES: 17. Voltage values are with respect to network ground terminal. 
2. This is the maximum voltage that should be applied to any output when it is in the off state. 


recommended operating conditions 


MIN NOM MAX UNIT 





Supply voltgge, VCC «6-3. ds BCe OR SO be, BD ee eR ee ee ATS 5 5.25 $V 
Width of write-enable pulse, ty. 2. 6 1 6 ee ee ee 40 ns 
Setup time, data input with respect to write enable, ts (see Figure 1) oe oe ee ee 40 ns 
Hold time, data input with respect to write enable, th (see Figure 1) 5 ns 
Select input setup time with respect to write enable, toy 0 ns 
Select input hold time after writing, th (see Figure 1) 5 ns 
Operating free-air temperature, TA 0 70 °C 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


Wig Highieverinputvonage Pd 
Vin _Lowievelinputvottage dP SOS 










loH High-level output current 


+ MAX 
Veo=MIN, Viy=2V[loL=12mA | Si, 
Vo_ Low-level output voltage 
vit = 08, (OL = 16 mA 
1 Input current at maximum input voltage Vcc = MAX, V,=5.5V PT 
li44 High-level! input current Vcc = MAX, Vp~=2.4V PF 40 
lj, Low-level input current Vcc = MAX, V,=0.4V Po = 1.6 | m 
Icc Supply current Vac = MAX, See Note 3 75 1051 mA 


Veco =5V, =2.4V 
Co Off-state output capacitance Vo : pF 
f=1MHz 


NOTE 3: !c¢c¢ is measured with the memory enable grounded, all other inputs at 4.5 V, and al! outputs open. 





pA 
V 
mA 
LA 
A 








TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 


Ail typical values are at Vee = 5 V, Ta = 25 C. 


switching characteristics, Vcc =5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Propagation delay time, !ow-to-high-level 
LH : Greet : 26 50 
output from memory enable 
Propagation delay time, high-to-low-level 
see: pagati y tim g w-leve 33 50 
Output from memory enable 
30 60 
35 60 
39 70 
48 70 
















C_ = 30pF, 
: Propagation delay time, low-to-high-level RL 7 = 3002 
Ben Output from any address input Ri2= 6002 
Propagation delay time, high-to-low-level See Figure 1 






t 
PHL output from any address input 


Sense recovery time output initially high 
t . . . 
SR after writing Output initially low 
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TYPE SN/7489 


64-BIT RANDOM-ACCESS READ/WRITE MEMORY 


PARAMETER MEASUREMENT INFORMATION 


Vcc 
Ru = 300 2 


From output 
under test 





Cy = 30 pF 
a (See Note B) 


LOAD CIRCUIT 










MEMORY 
ENABLE hoy. 
l Ai (Ee a 
| | 
| | 3V 
ANY 
ADDRESS 
-_ ; ———ov 
+> tery 
9 tee ’ 
OH 
ANY i 
OUTPUT 


Write enable is high. 


READ CYCLE 








MEMORY 


ENABLE 
OV 
er ta 
3V 
ANY 
ADDRESS 
\ 
DATA 
INPUT 
WRITE 
ENABLE 
—| OY 
ape aac eee 
ANY HIGH a | on 
OUTPUT | wf 15V 
—————— v 
k~— tsR —> OL 
meine, \ VOH 
ANY LOW \ 1.5V 
OUTPUT Sar, 
— — — — — — —— —- VOL 


WRITE CYCLE FROM WRITE ENABLE 


NOTES: A. The input pulse generators have the following characteristics: tp < 10 ns, ts < 10 ns, PRR = 1 MH2, Zoyt * 50 22. 


B. C, includes probe and jig capacitance. 


FIGURE 1—SWITCHING CHARACTERISTICS 





TYPICAL CHARACTERISTICS 


~ INPUT CURRENT 


VS 


INPUT VOLTAGE 


t;—Input Current—mA 





—1 0 1 2 3 4 5 
V}—Input Voltage—V 
FIGURE 2 


PROPAGATION DELAY TIME 
. Vs 
FREE-AIR TEMPERATURE 


Propagation Time—ns 





Ta—Free-Air Temperature—°C 
FIGURE 3 
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LOW-POWER TYPES SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A, 
SCHOTTKY TTL SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A 
64-BIT RANDOM-ACCESS MEMORIES 


D2417, SEPTEMBER 1980 







Organized as 16 Words of Four Bits Each SN54LS189A, SN54LS289A ... J PACKAGE 
SN74LS189A, SN74LS289A ... J OR N PACKAGE 


(TOP VIEW) 


e Choice of Buffered 3-State or 
Open-Collector Outputs 


@ Choice of Noninverted or 
Inverted Outputs 


e Typical Access Time... 50 ns 
description 


These monolithic TTL memories feature Schottky 
clamping for high performance and a fast chip-select 
access time to enhance decoding at the system level. 
A three-state-output version and an open-collector- 
Output version are offered for both of the logic 
choices. A three-state output offers the convenience 
of an open-collector output with the speed of a 
totem-pole output; it can be bus-connected to other 
similar outputs, yet it retains the fast rise time 
characteristic of the TTL totem-pole output. An 
open-collector output offers the capability of direct 
interface with a data line having a passive pull-up. SN54LS219A, SN54LS319A ... J PACKAGE 

SN74LS219A, SN74LS319A ...J OR N PACKAGE 


(TOP VIEW) 





write cycle 


Information to be stored in the memory is written 
into the selected address location when the chip- 
select (S) and the write-enable (R/W) inputs are low. 
While the write-enable input is low, the memory 
outputs are off (three-state = Hi-Z, open-collector = 
high). When a number of outputs are bus-connected, 
this off state neither loads nor drives the data bus; 
however, it permits the bus fine to be driven by other 
active outputs or a passive pull-up. 


read cycle 


Information stored in the memcry (see function table 
for input/output phase relationship) is available at the 
outputs when the write-enable input is high and the 
chip-select input is low. When the chip-select input is 
high, the outputs will be off. 





SN54LS’ versions are available in chip carriers. 
See Product Guide, Section 7, for pin assignments. 


FUNCTION TABLE 


INPUTS OUTPUTS 


FUNCTION CHIP WRITE ‘LS219A | ‘LS319A 
SELECT | ENABLE rene mares 


Write | a ee ee 


Complement Complement 
Data Data 
Read L H of Data of Data 
Entered Entered 
Entered Entered 
[inne ff x f 2 | of (| 2 [| of 


H = high level, L = iow level, X = irrelevant, Z = high impedance 
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TYPES SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A, 
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A 
64-BIT RANDOM-ACCESS MEMORIES 





logic symbols 


‘LS189A 








RAM 16 X 4 


Zu 2B =e 


1 EN [READ] 
1C2 [WRITE] 


1 EN [READ] 
1C2 [WRITE] 


EQUIVALENT OFS 
AND W INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
Input voltage 


Off-state output voltage: ‘LS189A, ‘LS219A 
‘LS289A, ‘LS319A 
Operating free-air temperature range: SN54LS’ Circuits 


Storage temperature range ... 








'LS219A 
RAM 16 X 4 














AO 
Al 
A2 
A3 
 § 

R/W 1 EN [READ] 

1C2 [WRITE] 
Qi D1 
Q2 p2 
Q3 D3 
4 D4 

*LS319A 

AO 
Al 
A2 
A3 
s 

R/W 1EN [READ] 

1C2 [WRITE] 
Q1 D1 
2 D2 
Q3 D3 
a4 D4 


Q1 
Q2 
Q3 
a4 


EQUIVALENT OF TYPICAL OF ‘LS189A TYPICAL OF ’LS289A 
D AND A INPUTS AND ‘LS219A OUTPUTS AND ’LS319A OUTPUTS 


Vcc Vcc 
50 2 
NOM 


OUTPUT 


I 


SN74LS’ Circuits 


ee 


NOTE 1: Voltage values are with respect to network ground terminal. 
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Cr ee | 


OUTPUT 





Shalala 7V 


—55 C to 125°C 


.. OCto 70°C 
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TYPES SN54LS189A, SN54LS219A, SN74LS189A, SN74LS219A 


64-BIT RANDOM-ACCESS MEMORIES 
WITH 3-STATE OUTPUTS 


SN54LS189A, SN74LS189A, 
SN74LS219A UNIT 
MIN NOM MAX |MIN NOM MAX 
Supply voltage, Vcc Se 5 5,25 


Low-level output current, lo 
70 
80t 60t 


—55 125} 0 70 


t| The arrow indicates the transition of the write-enable input used tor reference: f for the low-to-high transition, | for the high-to-low transi- 





recommended operating conditions 















Width of write pulse (write enable low), tw(wr) 
Address before write pulse, tsu(ad) 






Setup time Data before end of write pulse, toyigg 







Chip-select before end of write pulse, tsy(S) 





Address after write pulse, th(ad)_ 
Data after write pulse, th(da) 









Hold time 









Chip-select after write pulse, th(s) 





Operating free-air temperature, Ta 





tion. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


' SN54LS189A SN74LS189A 
TEST CONDITIONST SN54LS219A SN74LS219A 
0.7 


Vik Input clamp voltage Vec=MIN, Il) =-18mMmA 


Vec = MIN, VIH=2V, 
Vit = Vitmax, 1oH = MAX 
Vcc = MIN, VIH=2V, 
Vit = Vi=max 


VoH_ High-level output voltage 


VoL Low-level output voltage 


Off-state output current, Vcc = MAX, Vip=2V, 
high-level voltage applied Vit = Vit max, Vo =2.7V 
Off-state output current, Vcc = MAX, Vip =2V, 


lOZH 


low-level voltage applied ViL= Vit max, Vo = 0.4 V 
Input current at 

: ; Vcc = MAX, Vip=a7V 
maximum input voltage 


ly High-level input current Veco =MAX, Vi, =2.7V 


lie Low-level input current Veco =MAX, V,=04V 
los —_—s Shorrt-circuit output currents| Vcc = MAX —30 -—130 | -30 
Icc Supply current Vcc = MAX, See Note 2 60 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
8 Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
NOTE 2: Icc¢ is measured with the write-enable and chip-select inputs grounded, all other inputs at 4.5 V, and ali outputs open. 


switching characteristics over recommended operating ranges of Ta and Vcc (unless otherwise noted) 


SN54LS219A SN74LS219A 
ae ase 
es 
40 60 


35 70 
30 60 
40 70 





















PARAMETER TEST CONDITIONS 






















ta(ag) Access time from address 


ta(S) 
tsR Sense recovery time 


tpxz Disable time from high or low level 


Fan typical values are at Vcc =5 V, Ta = 25°C. 
NOTE 3: Load circuit and voltage waveforms are shown on page 1-12. 


Cy = 45 pF, 


Access time from chip select (enable time) 
See Note 3 














CL =5pF, 
See Note 3 





from R/W 
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TYPES SN54LS289A, SN54LS319A, SN74LS289A, SN74LS319A 
64-BIT RANDOM-ACCESS MEMORIES 


WITH OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 










SN54SL289A, SN74LS289A, 
MIN NOM MAX| MIN NOM MAX 
v 


[| 
2 


. ae 
ae 
aa 

0 
0 








Supply voltage, Vcc 





High-level output voltage, Voy 





Low-level output current, IO. 





Width of write pulse (write enable low), tw(wr) 





Address before write pulse, tsy (ad) 
Setup time 





Data before end of write pulse, tsy (da) 


oom mes) 
O;o 
Se 
_ 
NO 





| 
t 
0 60t 


ti The arrow indicates the transition of the write-enable input used for reference: ft for the low-to-high transition, } for the high-to-low transi- 


Chip-select before end of write pulse, tg (S) 





Address after write pulse, th(ad) 


Hold time Data after write pulse, th (qa) 
Chip-select after write pulse, ty(s) 


Operating free-air temperature, Ta 


oO 


—+}o]—o 





| 
on 
oO 









tion. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
SN54LS289A, 


SN74LS289A, 
PARAMETER SN54LS319A SN74LS319A 


UNIT 
MIN TYP? MAX |MIN TYP} MAX 
Vio — High-level input voltage 


ae eee 
Vi___tow-evel inputvoltage | ee OB 
Vik ‘Input clamp voltage Vcc =MIN, l}=-18MA Pe 


V = MIN, Vin =2V, Vo=2.4V 
IoH = High-level output current ce i Oo 

ViL = Viemax, Vo =5.5V 

Vec= MIN, Vin =2V, | =12mA 0.25 
VoL Low-level output voltage ce iH OL 

Vit = Vipmax lot = 24mA 

Input current at 
un ; Vec=MAX, Vy=7V 
maximum input voltage 
Vv 


HH High-level input current Vcc = MAX, }=2.7V 
Ne Low-level input current Vcc = MAX V,;=0.4V 


Icc = Supply current Vcc = MAX, See Note 2 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 







TEST CONDITIONSTt 


pecirenaa a: 
ey 
V 


_ 
Plo 
alo 






0.4 
0.35 0.5 









0 
2 
2 


od 
0 
0 

60 35 


35 





fant typical values are at Voc = 5 V, Ta = 25°C. 
NOTE 2: Icc is measured with the write-enable and chip-select inputs grounded, all other inputs at 4.5 V, and all outputs open. 


switching characteristics over recommended operating ranges of TA and Vcc (unless otherwise noted) 


PARAMETER 


ta(ad) Access time from address 
ta(S) | Access time from chip select (enable time) 
tsp Sense recovery time 


Propagation delay time, low-to-high-level 


t == 
PLH output (disable time) from R/W 










SN54LS289A, | SN74LS289A, 
SN54LS319A SN74LS319A UNIT 
TYP MAX | TYP? MAX 

35 70 







TEST CONDITIONS 










CL=45pF, Ry, =6672, 
See Note 3 






a0 | 

60 | ns 
rane 

50 

4 


50 
35 
30 
40 





FAI typical values are at Veco =5V,Ta=25°C. 
NOTE 3: Load circuit and voltage waveforms are shown on page 1-12, 
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scHoTrKyt TYPES SN54S189A, SN54S289A, SN74S189A, SN74S289A 


| | 64-BIT HIGH-PERFORMANCE 
TTL MEMORIES | RANDOM-ACCESS MEMORIES 


SEPTEMBER 1976 — REVISED JUNE 1981 


STATIC RANDOM-ACCESS MEMORIES 


SN54S189A, SN54S289A ....J OR W PACKAGE 
e Fully Decoded RAM’s Organized as 16 SN74S189A, SN74S289A ....J OR N PACKAGE 


Words of Four Bits Each | (TOP VIEW) 


e Schottky-Clamped for High Speed: 





AO Vec 
Read Cycle Time... 25 ns Typical 
Write Cycle Time... 25 ns Typical es 
e Choice of Three-State or Open-Collector WwW A2 
Outputs 
. ; . : D1 A3 
© Compatible with Most TTL and !2L Circuits 7 
Chip-Select Input Simplifies External Q1 p4 
Decoding a 
D2 Q4 
description a2 D3 
These 64-bit active-element memories are monolithic GND 3 
Schottky-clamped transistor-transistor logic (TTL) . 
arrays organized as 16 words of tour bits each. They These devices are also available in chip carriers. 
are fully decoded and feature a chip-select input to Be Cae te lye sere ca pu enemies 


simplify decoding required to achieve expanded 
system organization. The memories feature p-n-p input transistors that reduce the low-level input current requirement 


to a maximum of —0.25 milliamperes, only one-eighth that of a Series 54S/74S standard load factor. The chip-select 
circuitry is implemented with minimal delay times to compensate for added system decoding. 


write cycle 


The information applied at the data input is written into the selected location when the chip-select input and the 
write-enable input are low. While the write-enable input is low, the ‘S189A output is in the high-impedance state and 
the ‘S289A output is off. When a number of outputs are bus-connected, this high-impedance or off state will neither 
load nor drive the bus line, but it will allow the bus line to be driven by another active output or a passive pull-up. 


read cycle 


The stored information (complement of information applied at the data input during the write cycle) is available at the 
Output when the write-enable input is high and the chip-select input is low. When the chip-select input is high, the 
‘S189A output will be in the high-impedance state and the ‘S289A output will be off. 


FUNCTION TABLE 


INPUTS . 'S189A ‘S289A 
FUNCTION 
CHIP SELECT WRITE ENABLE OUTPUT OUTPUT 
H 


L f , 
Complement of Data Entered Complement of Data Entered 














H = high level, L = low level, X = irrelevant 





Copyright © 1979 by Texas Instruments Incorporated 


Ttintegrated Schottky-Barrier diode- 
TEXAS IN STRUMENTS clamped transistor is patented by 

INCORPORATED Texas instruments. U. S. Patent 
Number 3,463,975. 
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TYPES SN54S189A, SN54S289A, SN74S189A, SN74S289A 
64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 





logic symbols | functional block diagram 


$189 
RAM 16 X 4 









16-X-4 


“Y 

e ; 

~ 

S 64-BIT MEMORY 
- MATRIX 

eB ORGANIZED 
a 

Qa 

(a) 

= 4 








CHIP SELECT (S) 






WRITE AND SENSE 


as AMPLIFIER CONTROL 
READ/WRITE (R/W) 


‘S289 
D1 
AO 
Al DATA INPUTS a 
A2 D3 
A3 D4 
s 









1 EN [READ] 
1C2 [WRITE] 


D1 Q1 
D2 Q2 
D3 Q3 
D4 04 


‘S289A OUTPUT 


’S189A OUTPUT 
Vcc 


OUTPUT 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) den Pop. Be Oi Ge Mae vie ces, SA AK. ee GE a. 0 es eee OR 
PipUt voltage: -.2 12.4) as eas Ge 4? Se me a ewe ce A A wt ee ee, SV 
Off-State output voltage bs wiicnnigd. SB a Mae oh “eA eee En wee: czy ee So Ue. Mw eS 1 yk .5.5V 
Operating free-air temperature range: SN54S‘ Circuits . . . . . . ee ee . . —55°C to 125°C 

SN74S' Circuits . 2... 1. ee eee ee ew ee) 6K to 70°C 
Storage temperature range Bo ie Se ia E.R ed a da te ee By wh. ee Beals cet 65-6 tO 150°C 


NOTE 1: Voltage values are with respect to network ground terminal, 
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TYPES SN54S189A, SN54S289A, SN74S189A, SN74S289A 
64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 





recommended operating conditions 


aan he 89A eT aia Rene SN74S289A 
[MIN Nom. Max |CN!T. 
Supply Valtase, Voc a ee ee ee ee 


High-level output voltage, Voy 























High-level output current, 1OH 
Low-level output current, Io. 
Width of write pulse (write enable 


low), tw(wr) 
Address before write 


2" aan Ranaieene 

pulse, tsu(da) ac 

Setup} Data before end of write 9 

time | pulse, tsu(da) 

Chip-select before end of write 2 

pulse, tsu(S) 

Hotd Si. es Sea 
aS 


time | Chip-select after write 


Data after write pulse, mea 


pulse, th nis) 


t)The arrow indicates the transition of the write-enable input used for reference: t for the low-to-high transition, 1 for the high-to-low 


5 

0} 
of 
5t 
ot 
Ot 
Ot 
0 





transition. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 


ViH High-level input voltage 
VIL Low-level input voltage 
Vik. Input clamp voltage Voc=MIN, ty =—18mA 


¢ ae | Vec=MIN, Vi =2V, | SN54S' 2.4 3.4 Shaan . 
: t 
ale Sean Ek aba Vit=08V, loH=MAx[sn74s) | 24 32 | 
Veco=MIN, Vi=2V, |Vor24V P40 | 
| High-level output current: uA 


Vcc =MIN, ViH=2V, 
ViL=08V, lop, =12 mA 
Vec=MAX, Vip=2V, 
high-level voltage applied ViL=08V, VoH=2.4V 
Off-state output current, Vcc =MAX, Vip=2V, 
low-level voltage applied Vit=08V, Vo, =04V 




























VOL Low-level output voltage 



















Off-state output current, 
1OZH 





loZL 







Input current at maximum input 


Vcc =MAX, V,=5.5V 


I 
iw High-level input current Vcc = MAX, Vy =2.7V 25 


= Supply current Vcc = MAX, See Note 2 75 105 





voltage 










VFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
|; Alt typical values are at Veco 75 V,Ta® 25°C. 
8 Duration of the short circuit should not exceed one second. 


NOTE 2: icc is measured with the read/write and chip-select inputs grounded, All other inputs at 4,5V, and the outputs open. 
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TYPES SN54S189A, SN54S289A, SN74S189A, SN74S289A | 
64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 





‘S189A switching characteristics over recommended operating ranges of TA and Vcc 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 


ta(ad) | Access time from address 


Access time from chip select C. = 30pF, 






SN54S189A | SN74S189A 
ea 













t 18 25 18 22 
a(S) (enable time) See Note 3 







fromS 





CL =5pF, 
See Note 3 






tPXZ Disable time from high or low level 







‘S289A switching characteristics over recommended operating ranges of TA and VCC 
(unless otherwise noted) 

































SN54S289A | SN74S289A 
PARAMETER TEST CONDITIONS 
Uh MAX | TYP+ MAX 
ta(ad) Access time from address Be sea 50 25 35 —— 
ats Access time from chip select (enable time) L aie se 
ug eae ee ely ee 
pop aseten eed time, low-to-high-level a Pas Pe 





Fail typical values are at Voc = 5 V, Ta = 25°C 


NOTE: 3. Load circuit and voltage waveforms are shown on page 1-12, 


ea Te eee) 
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SCHOTTKYT TYPES SN74S201, SN74S301 
TTL MEMORIES 256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


D2007, SEPTEMBER 1977 — REVISED JUNE 1979 


STATIC RANDOM-ACCESS MEMORIES 
e Static Fully Decoded RAM’s Organized as 


: SN74S201, SN74S301 .. JOR N PACKAGE 
256 Words of One Bit Each (TOP VIEW) 


e Schottky-Clamped for High Performance 


e Choice of Three-State or Open-Collector 
Outputs 


© Compatible with Most TTL and I@L Circuits 
e Chip-Select Inputs Simplify External 





Decoding 
e Typical Performance: 
Read Access Time .............. 42 ns 
Power Dissipation ............ 500 mW 





description 


These 256-bit active-element memories are monolithic transistor-transistor logic (TTL) arrays organized as 256 words of 


one bit. They are fully decoded and have three chip-select inputs to simplify decoding required to achieve expanded 
system organizations. 


write cycle 


The information applied at the data input is written into the selected location when the three chip-select inputs and the 
write-enable input are low. While the write-enable input is low, the ‘S201 outputs are in the high-impedance state and 
the ‘S301 outputs are off. When a number of outputs are bus-connected, this high-impedance or off state will neither 
load nor drive the bus line, but it will allow the bus line to be driven by another active output or a passive pull-up. 


read cycle 


The stored information (complement of information applied at the data input during the write cycle) is available at the 
output when the write-enable input is high and the three chip-select inputs are low. When any one of the chip-select 
inputs are high, the ‘S201 outputs will be in the high-impedance state and the ‘S301 outputs will be off. 


logic symbols 


FUNCTION TABLE SN74S201 SN74S301 


INPUTS 
CHIP WRITE 
FUNCTION _ 
SELECT ENABLE OUTPUT (Q) 
(S) R/W 
Read L H Complement of |Complement of A 
Data Entered Data Entered s 
High Impedance : 


H = high Jevel, L = low level, X = irrelevant 


RAM 256 X 1 


RAM 256 X 1 

















‘$201 
OUTPUT (Q) 


‘S301 






For chip-select: L =al! Si inputs low, H =one or more Si inputs high 





Copyright © 1979 by Texas Instruments Incorporated 


t -Barrier diode. 
TEXAS | NSTRUMENTS Integrated Schottky Barrier diode 9 
clamped transistor is patented by -53 
INCORPORATED Texas Instruments. U. S. Patent 
POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 Number 3,463,975. 


TYPES SN74S201, $N74S301 
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 





schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT $201 OUTPUT ‘$301 OUTPUT 


58 2 NOM 


OUTPUT 


OUTPUT 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Stipply voltage, Veo {see Note 1) 2.685. 24S oe kode a dee See bw CA Saree WE Ee Se RS 7V 
WIPUE VOMAGE * S65. 3.2285 Sean abe are a: ab Gere nerve Se Se aOR HR POE DD De w Sew alle HS GES ESS 5.5V 
Off-State output voltages © 4st i 8 ne God eee, Selita KOR vaio eM ae eee waco Slee ale ee ald af oh ee 5.5V 
Operating free-air temperature range... 1. kk ee ee ee ee eee eee ee eee 0°C to 70°C 
Storage temperature range. sop tease sean araleav eb at Se ava Se: Pe Se we aS © ee 65°C to 150°C 


recommended operating conditions 


Supply Voltage, Vcc (see Note 1) 

High-level output voltage, Von 

High-level output current, IQy 

Low-level output current, lor 

Width of write pulse (write enable low), tyw(wr) 


Address before write pulse, t 
Setup e su(ad) 


Data before end of write pulse, tsu(da) 


time — 
Chip-select before end of write pulse, tsu(S) 
Address afte ite pul 

eiaia ress after write pulse, th(aq) 


Data after write pulse, th(da) 


time - = 
Chip-select after write pulse, th(S) 





Operating free-air temperature, Ta 
t{ The arrow indicates the transition of the write input used for references: t for the low to high transistion, | for the high to low transistion. 


NOTE 1: Voltage values are with respect to network ground terminal. 
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TYPES SN74S201, SN74S301 
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


t $201 *$301 
PARAMETER TEST CONDITIONS 
MIN TYP MAX] MIN TYP MAX 


VIK Input clamp voltage 


High-level 
VOH 
output voltage 
Low-level V = MIN, V =2V, 
VOL ee us 0.45 0.45 
output voltage 
H 


High-level Vcc =MIN, ViH =2V,|Vo72.4 V mn 
es 
o output current Vit = O.8V Vo=5.5 V 100 


Off-state output current, Vcc = MAX, Vin =2V, 





< 





N 

aS 
( 
—_ 
Ne 




















= 
> 


Oe high-level voltage applied VIL=O8V, Voy=2.4V 
Off-state output current, Vcc =MAX, Vip =2V, 
O2t low-level voltage applied ViIL=O8V, VoL=05V 





N 
on 


rz 


Input current at maximum 
I Vcc =MAX, Vy =5.5V 1 

input voltage 
IH High-level input current Vcc =MAX, V,=2.7V 25 uA 
ne Low-level input current Vcc =MAX, V;=05V —250 —250] uA | 
los Short-circuit Output current § Vcc = MAX —30 —100 


loc Supply current Vcc =MAX, See Note 2 100 140 100 140 


TFor conditions shown as MIN or MAX use the appropriate value specified under recommended operation conditions. 





t These typical values are at Veco=5V, Tap = 25°C. 
8 Duration of the short circuit should not exceed one second. 
NOTE: 2, loc is measured with all chip-select inputs grounded, all other inputs at 4.5 V, and the output open 


‘S201 switching characteristics over recommended operating ranges of T ,p and Vcc 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS 
ta(ag) Access time from address C= 30 pF 
ta(s) | Access time from chip select (select time) ‘ 

a See Note 3 
tsR Sense recovery time 


From R/W 


‘$301 switching characteristics over recommended operating ranges of T a and Vec 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN TYP} MAX] UNIT 















MIN TYP! MAX] UNIT | 
13° - °30 
20 40 | ns | 











CL =5pF, 
See Note 3 







Disable time from 







tPXZ 






high or low level 






































ta(ad) Access time from address 42 65 pons 
ta(s) | Access time from chip enable (enable time) Cy = 30pF, 13 30 | ons | 
tsp Sense recovery time Ri z= 300 2, 20 40 Fons | 
Propagation delay time, _ Ri» =6002, 
alenoee L2 
tpi_y  low-to-high-level output See Note 3 35 ns 


(disable time) 


From R/W 


FAII typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE: 3. Load circuit and voltage waveforms are shown on page 1-12. 
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TTL TYPES SN54L8222, SN54LS224, SN54L8227, SN54L8228, 
Ls SN74L8222, SN74L8224, SN74LS227, SN74LS228 
| 16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


D2616, JANUARY 1981 





SN54LS$222, SN54LS227 ... J PACKAGE 
SN74LS222, SN74LS227 ... JOR N PACKAGE 


(TOP VIEW) 


e Independent Asynchronous Inputs and 
Outputs 


e 16 Words of 4 Bits Each 

e 3-State Outputs Drive Bus Lines Directly 
e Data Rates from 0 to 10 MHz 

e Fall-Through Time...50ns Typ 


e Data Terminals Arranged for Optimum 
PC Board Layout 


e Expandable Using External Gating 





description 


These 64-bit memories are Low-Power Schottky 
memory arrays organized as 16 words of 4 bits 








each. They can be expanded in multiples of 15m+1 SN54LS224, SN54LS228 ... J PACKAGE 
words or 4n bits, or both, (where n is the number of SN74LS224, SN74LS228 ... JOR N PACKAGE 
packages in the vertical array and m is the number of (TOP VIEW) 
packages in the horizontal array) but some external 
gating is required (see Figure 1). For longer words 
using the ‘LS224 or ‘LS228, the IR signals of the Me 
first-rank packages and OR signals of the last-rank LDCK 
packages must be ANDed for proper synchronization. D0 
INPUT-READY ENABLE AND D1 
re OUTPUT-READY ENABLE OOrreeY 35 
*"LS222 Yes 3-State a 
*"LS224 No 3-State 
‘LS227 Yes Open-collector GND 
sES2e8 ne CREM Collector NC = No internal connection 
SN54LS222, SN54LS224, SN54LS227 and SN54LS228 are also 
available in chip carriers. See Product Guide, Section 7, for pin 
assignments. 
operation 


A FIFO memory is a storage device that allows data to be written into and read from its array at independent data 
rates. These FIFO’s are designed to process data at rates from 0 to 10 MHz in a bit-parallel format, word by word. 
Data is written into the memory on a high-to-low transition at the load clock input (LDCK) and read out on a low-to- 
high transition at the unload clock input (UNCK). . 


The memory is full when the number of words clocked in exceeds the number of words clocked out by 16. When the 
memory is full, LDCK signals have no effect. When the memory is empty, UNCK signals have no effect. 


Status of the FIFO memory (see timing diagram) is monitored by the input ready (IR) and output ready (OR) flags 
that indicate “not full” and “not empty” conditions. The IR output will be high only when the memory is not full and 
the LDCK input is low. The OR output will be high only when the memory is not empty and UNCK is high. 


A high-to-low transition at the clear (CLR) input resets the internal stack control counters and also sets IR high and 
OR low to indicate that old data remaining at the data outputs is invalid. Data outputs are noninverting with respect 
to the data inputs and are at high impedance when output enable (OE) is low. OE does not affect the IR and 





OR outputs. 
181 PRODUCT PREVIEW 
This document contains information TEXAS | N ST R U M EN TS 
on a product under development. Texas 2-57 


: INCORPORATED 
Instruments reserves the right to change or 


discontinue this product without notice. POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES SN54LS8222, SN54LS224, SN54LS227, SN54LS228, 


SN74LS222, SN74LS224, SN74LS227, SN74LS228 
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 





functional block diagram (positive logic) 










og Wt > 
— aig 
aR) on 
(4)13 
tock 3 gs 
RING COUNTER 
CTR DIV 16 
WRITE 
ADDRESS 
2 
RE — Be 


('LS222, ‘LS227 only) 


iD U1 & WN = © O00 SO Ol) ND 






(19}{15] 
UNCK > RING COUNTER 


CTR DIV 16 







READ 


LLLLLLLLLLLLL LL) 





po LSt4l 
DI (7){5] 
(8) [6] ae 
D3 (9){7] 
**1S222 and ‘LS224 have 3-state (7) outputs. . ('LS222 and ‘LS227 pin numbers) 
'LS227 and ‘LS228 have open-collector (©) outputs. ('LS224 and ‘LS228 pin numbers} 


timing diagram 








(31121, 


(7114) 5, 


. (16)[73} 4, 
(14)[12) 


ea G31 4, 
{las 








INITIALIZE] LOAD2WORDS | UNLOAD2WoRDS | LOAD UNTIL FULL | UNLOAD 
CLR 
LDCK ¢ | LJ fees ee 
INPUTS l | | 
UNCK l | | | 
! | | | | 
D i) wis kK KMKKKA 








wik<X 
| 
| 
| 


| | 
| | 
| |_| | | 
, | | 


OUTPUTS OR ama 2 ian of nea - 


| | | | 


Q0-Q3 INVALID | WORD? — | WORD 2. INVALID WORD 1 [ worD 2 
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TYPES SN54LS222, SN54LS224, SN54LS227, SN54LS228, 
SN74LS222, SN74LS224, SN74LS227, SN74LS228 
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


logic symbols 'LS222 ’LS224 








OE 


LDCK 


01 
D2 
D3 





These symbols are functionally accurate but do not show the details of implementation; for these, see the functional block diagram. The 
symbol represents the memory as if it were controlled by a single counter whose content is the number of words stored at that time. 
Output data is invalid when the counter content is 0. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage; VeGASee Note'l) 2.62 weave thaw wie bee Ste Sh Soy ow ie ee eee eee yes aes 7V 
IADUCVOLAGGs © 4-66 e- eens Boyar bh eos et BA SORE EEN ORCA OES RIE SRSA 7V 
Ofl-state- Output VOlta0e: sso 8 kh Ve le bh eh a OD CG ode whe ow 5.5 V 
Operating free-air temperature range: SN54LS222, SN54LS224, SN54LS227, SN54LS228 ..... —55°C to 125 C 

SN74LS222, SN74LS224, SN74LS227, SN74LS228 ......-- 0°C to 70°C 
Storage temperature range 2... ee ee ee eee eee ee ence ee ee eee eens —65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. 
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TYPES SN54LS222, SN54LS224, SN74LS222, SN74LS224 
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIE 
WITH 3-STATE OUTPUTS | 





recommended operating conditions 


SN54LS’ SN74LS' 
MIN NOM MAX| MIN NOM MAX 
Supply voltage, Vcc 4.75 5 5.25 


Low-level output current, Io. 


D to LOOK 
Hold time, th | D from LDCK{ 
Operating free-air temperature, Ta . 


PARAMETER TEST CONDITIONS Shea __SN74L5" 
MIN TYP} MAX 


Vi High-level input voltage 2 


eee ok so ee 
Vi___Low-level input voltage ee tee ee ge ee ee ee 
Vik Input clamp voltage Vcc = MIN, I; =—-18mA Pa one S| 


V = MIN, V = 2 V, | = MAX 2.4 3.3 2.4 32 
VoH_ High-level! output voltage cc 1H OH 


UNIT 
Vv 
Ce aiid me rie Ba ee 6 ae 

| ion=i2ma_[ 025 0a] 0.2504 
Voc=MIN, Vin=2V, [lol =24mA | sd 0.35 05| | 














é 


N 
o 
© 





25 


= 
Oo 


—55 






















VoL Low-level output voltage 









Off-state output current, 
high-level voltage applied 


Vo=2.7V 20 
Vcc = MAX, Viy =2V, 


ViL = Vit max 


1OZH 


Off-state output current, 


Vit = Vit max loL=4mA 0.25 0.4 0.25 0.4 
ion=sma | 





jow-level voltage applied 


Input current at maximum 
| ; Vcc = MAX, V,=7V 
input voltage 


loZL. 
| 


li High-level input current Vcc = MAX, Vi = 2.7 V 
Ij Low-level input current Vcc = MAX, V;=0.4 V Pe 4 


—30 —130 | —30 
—20 


Voo = MAX mA 





| 
nN N nN 
lI. o Pas) 


| 

—_ 

(2) 

oO 

| 

NO 

lo) 

1 || 

= /— 

O}]w 

O};oO 
3 
> 





los  Short-circuit current oR Vcc = MAX 






lec Supply current 






TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 


AN typical values are at Voc = 5 V, Tp = 25°C. 
8 Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
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TYPES SN54LS222, SN54LS224, SN74LS222, SN74LS224 
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 


switching characteristics, Voc = 5 V, Ta = 25°C 


PARAMETER 


tPLH 
TPHL 
tPLH 
tPHL 
tPLH 
tPHL 
‘PLH See Note 2 
tPLH 
tPHL 
tPLH 
tPLH 


CL =45 pF, 


See Note 2 


See Note 2 


NOTE 2: For load circuits and voltage waveforms, see page 1-12. | 
schematics of inputs and outputs 


EQUIVALENT OF CLEAR AND 
OUTPUT READY ENABLE INPUTS 


13 k2 NOM 


Vcc 


TYPICAL OF INPUT READY AND 
OUTPUT READY OUTPUTS 


= Vcc 
120 2. NOM 


OUTPUT 





CL =15pF, 


WITH 3-STATE OUTPUTS 


TO TEST CONDITIONS ‘LS222 ‘tS224 
MIN TYP MAX | MIN. TYP 





EQUIVALENT OF 
OTHER INPUTS 


19 k2 NOM 


TYPICAL OF Q OUTPUTS 


Vcc 


100 22 NOM 
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SN54L8227, SN54LS228, SN74LS227, SN74LS228 
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 





recommended operating conditions 


SN54LS’ SN74LS’ 






UNIT 
V 


uA 





High-evel output voltage, VOH ae EC 


High level output current, 1OH Ci ae 


ee oe riaon.,. ..-. wip 24 
Setup time, tyy Dto LDCK re es 













a 
“J 
a 
1 ee 
nlo N 
£IS on 
° 3 


Hold time, t D from LDCKt 
Operating free-air temperature, Ta 


SNS4LS' SN74LS' 
PARAMETER TEST CONDITIONSt 
[MIN Typ? MAX [MIN TYP! MAX 


Vi Low-level input voltage ee ee ee 
Vik Input clamp voltage Vec=MIN, 1,2 -18mA 

p25 34 i 3A 

7 



















_ 
o 











Vit = Vit max 





> 2151 3 < $ < |<|<|<| 2 
: : 4 


' 0.25 0.4 









0.35 0.5 
0.25 0.4 
0.35 0.5 


Voz _ Low-level output voltage 


= 






Vec=MIN, Vin =2V.IQH = —400 HA, 

Vou High-level output voltage RoR CC 1H oh Li 
Vec=MIN, Viny=2V,VoH=5.5V, 
Vit = Vii max 


2 
2.5 3 
IoH = High-level output current 
lol =12mA 0.2 0.4 
Vit = Vit max lol =4mA 0.2 
loL=8mA 
—20 





NO 
| 
‘= 


7 
Input current at maximum 
1] Vcc = MAX, Vy=7V 
input voltage 
1) «High-level input current Vcc = MAX, Vi =2.7V 
' Short-circuit output Vana MAX 100 20 
OS current8 ce 7 7 


Ij, low-level input current Vcc = MAX, Vi=04V 
Outputs high 


Vec=MAx  — [Ourpursiow | 87 3 
Ourputsdisabiea] a9 —_— 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 


> 


—100 |} m 





3 


MAX 
4 
5 : 
5 0.4 
20 
87 


{cc Supply current 









¥ AMl typical values are at Veg = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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SN54L8227, SN54LS228, SN74LS227, SN74LS228 
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 





switching characteristics, Vcc =5V,TA=25°C 


a 
Tea Res 
[tein | ones | on 
pu, REP R 
Tei eck kd 
[em deck kd 
[eu | eck [oR 
Ete sl UNC [ORT 
Pea, | uncks | OR 
[en uNcK TPR 
TT a 7 
fe agp tits e CR e) TOR s 
[tery | upeky fa 

ace 

See 

fered 

psa 

id 







"LS227 ‘LS228 UNIT 
MIN TYP MAX cher SRe! TYP a eel 


ee a 
























CL =15pF, 
See Note 2 



















NOTE 2: For load circuits and voltage waveforms, see page 1-12. 











R= 667 2, 
Cy =45pF, 
See Note 2 














schematics of inputs and outputs 


EQUIVALENT OF CLEAR AND EQUIVALENT OF 
OUTPUT READY ENABLE INPUTS OTHER INPUTS 


Vcc == —— 
INPUT -_-— 


TYPICAL OF INPUT READY AND TYPICAL OF Q OUTPUTS 


OUTPUT READY OUTPUTS 
Vcc 


120 2 NOM 


OUTPUT 


OUTPUT 





TEXAS INSTRUMENTS. 2-63 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TYPES SN54LS222, SN54LS224, SN54LS227, SN54LS228, 


SN74LS222, SN74LS224, SN74LS227, SN74LS228 
16 X 4 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORIES 





TYPICAL APPLICATIONS INFORMATION | | OUTPUT 
ae ENABLE 
UNLOAD 

CLK 


LOAD 


os OUTPUT. 


INPUT READY 


READY 


SS ceocman oe aed oe 


az 






wai 


Se SSS 


ea ¢ CE 


te 


2) 
< 


FIGURE 1—46-WORD BY 16-BIT EXPANSION USING ‘LS222 


10 
= Noninverting delay 2 10 ns (e.g., 2 stages of ‘LS04), 2 places. 
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SCHOTTKYT TYPE SN748225 
TTL MEMORY 16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


01733, SEPTEMBER 1976 — REVISED JUNE 1979 





SN74S225 ...J OR N PACKAGE 





(TOP VIEW) 
e Independent Synchronous Inputs and Outputs 
e Organized as 16-Words of 5 Bits CLKA Vcc 
e DC to 10-MHz Data Rate ai ok 
e 3-State Data Outputs UNCK OUT | 3, CLR 
e 20-Pin, 300-mil, High-Density Package DO OR 
D1 UNCK IN 
D2 ao 
D3 Qi 
description D4 a2 
This 80-bit active-element memory is a monolithic ae a3 
Schottky-clamped transistor-transistor logic (STTL) array GND 04 
organized as 16 words of five-bits each. A memory system 
using the SN74S225 can easily be expanded in multiples 
of 16 words or of 5 bits as shown in Figure 2. The three- 
state outputs controlled by a single enable, OE, make bus This device is also available in a chip 
connection and multiplexing easy. carrier, See Product Guide, Section 7, 


for pin assignments, 


operation 


A FIFO is a memory storage device which allows data to be written into and/or read from its array at independent data 
rates. The ‘S225 is FIFO which will process data at any desired clock rate from DC to 10 MHz. The data is processed in 
a parallel format, word by word. 


Reading or writing is done independently utilizing separate synchronous data clocks. Data may be written into the 
array on the low-to-high transition of either load clock input. Data may be read out of the array on the low-to-high 
transition of the unload clock input (normally high). Writing data into the FIFO may be accomplished in one of two 
manners: 1) [In applications not requiring a clock control (gated), the clock input may be applied to both clock A and 
B inputs, 2) In applications needing a gated clock, the load clock (gate control) must be high in order for the FIFO to 
load on the next clock pulse. The clock A and B inputs can be used interchangeably for either clock gate contro! or 
clock input. 


Status of the ‘S225 is provided by three outputs. Input ready monitors the status of the last word location and signifies 
when the memory is full. This output is high whenever the memory is available to accept any data. The unload clock 
output also monitors the last word location. This output generates a low-logic-level pulse (synchronized to the internal 
clock pulse) when the location is vacant. The third status output, output ready, is high when the first word location 
contains valid data and unload clock input is high. When unload clock input goes low, output ready will go low and 
stay low until new valid data is in the first word position. The first word location is defined as the location from which 
data is provided to the outputs. 


The data outputs are noninverted with respect to the data inputs and are three-state with a common control input, 
output enable. When output enable is low, the data outputs are enabled to function as totem-pole outputs. A high- 
logic-level forces each data output to a high-impedance state while all other inputs and outputs remain active. 


The clear input invalidates all data stored in the memory array by clearing the control logic and setting output ready to 
a low-logic-level on the high-to-low transition of a low-active pulse. 


Copyright © 1979 by Texas Instruments Incorporated 
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TYPE SN748225 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST- OUT MEMORY 





FUNCTION TABLES 


Table 2 — Output Functions 


Rae 


| 2 __| _Input Ready 
UNCKOUT |] 3 | 
POR sr | 17_— 


Table 1 — Input Functions 















Unload Clock 
Output Ready 















EQUIVALENT OF ALL INPUTS 
EXCEPT DATA INPUTS 


Vcc 


EQUIVALENT OF DATA INPUTS TYPICAL OF ALL OUTPUTS 
7 Vec 


v 
ce 58 2 NOM 


OUTPUT 





logic symbol 


"$225 


FIFO 16X5 
CTR 


UNCK OUT 


CLK A 


CLKB 


UNCK IN OR 


D1 
D2 
03 
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TYPE SN748225 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage, Vcc (see Note 1) Bose te coe ee. Ge, Be oe ey, Se whe he OH OA a, Me oe a ee. 
Input Voltage eae Bs ee He A ee A Oe SS we OR Ee OM SU Oe es ie ce ae &. oe BV 
Off-State Output Voltage feet sets oh ck es AS a i ee ee “el ee. ee BO. Sk Sg Sh es ee ees SS SY 
Operating Free-Air Temperature Range We Gp the GS te te BE ea GG wk. SR EH. G- Oe tawue 
Storage Temperature Range seg See gl ee BAS. SP te WO a Ge ee ce a Oe ae SOS Ete 150°C 


NOTE 1: All voltage vatues are with respect to network ground terminal. 


recommended operating conditions 


| tio max 
Supply Voltage, V 4.75 5 5.25 


All Outputs Except Data 
High-level output current, Ioy Sse Ouisuts 
utpu 
Att Outputs Except Data 
Low-level output current, IO, ase Durpule 
utpu 


Load Clock A or B, ty, (high) 
Pulse Width Untoad Clock Input, ty (low) 
Clear, ty (low) 
; Data to Load Clock, ts, (Dli) See Note 2/ _20f 
Setup Time 
Clear Release to Load Clock, tgy 25t 
Hold Time, Data from Load Clock, tp,(Dli) 70t 


Operating free-air temperature, Ta 0 





UNIT 
V 




















2 


C 3 
OQ > > 














NO 
~JF OT 





~ 








NOTE 2: Data must be setup within 20 ns after the load clock positive transition. 


t = The arrow Indicates that the low-to-high transition of the load clock is used for reference. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


Win High-everinput vonage SOS SCS v 
Vin__Lowievelinputvolage SOS 


Vcc = MIN, ViH=2YV, 
VOH High-level output voltage a O8V id ae 2.4 2.9 
IL = ¥- ' OH ~ 
Vec=MiIN, Vin =2YV, 
VoL Low-level output voltage -- 08V a MAX 
IL = ¥: ' OL = 
' Off-state output current, high-level 
ver voltage applied 
Off-state output current, low-level 
veh voltage applied 


1 Input current at maximum input voltage Vcc = MAX, V,=5.5V 


| High-level input current V = MAX, V)=2.7V 
: Data In 
le Low-level input current 
All Inputs Except Data In 


Voc = MAX 
Icc Supply Current Vcc = MAX, See Note 3 


TFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
FAII typical values are at Veg —5 V, Ta = 25°C. 

§ Duration of the short circuit should not exceed one second. 

NOTE 3: !o¢ is measured with al! inputs grounded and the output open, 







| 
—_ 
N 


) 
WwW 
on 
o 
ay 
° 


s 
> 


zr 





3 


3 


Vec = MAX, V,;=O05V 


—250 uA 


=100 


N tn 
Bed 
> 





| 
wo 
=) 
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TYPE SN748225 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 





switching characteristics over recommended operating ranges of TA and Vcc (unless otherwise noted) 


10 20 
CL = 30 pF, 10 20 MHz 
See Note 4 . 10 20 


Poza s_| 


oO UNCK OUT C, = 30pF, 
CLKB See Note 4 


UNCK IN UNCK OUT 
CLKA 


7a 
CLK B 
punekin [| 
ST 
Pp teeHTC CCRC 





q@ fmax = maximum clock frequency. 

tw = pulse width (output) 

t) = The arrow indicates that the low-to-high (ft) or high-to-low (J) transition of the output ready (OR) output is used for reference. 
tPpLH = propagation delay time, low-to-high level output. 

tpHL = propagation delay time, high-to-low-leve!l output. 

$ All typical values are at Voc = 5 V, Ta = 25 C. 


NOTE 4: Load circuit and voltage waveforms are shown on page 1-12. 
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TYPE SN748225 


16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 


SLAdLNO 
Viva 


functional block diagram 





OL Nid = GND ‘02 Nid = 29A 


uvaig 

uaLSVA 

AGV3u 
eSH44 LNdNi 


avol1Nn 


Aqavad 
Lndino (Zu) 


318VN3 


-O 
snaino gly 


L418) 


00 


LNdLno 
49013 
avoi1nn 
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M9019 
avo 





Vv 
49015 
avot 


mt 
(Zt) ! 
en) T 
I EE Otasvawvs = (sj) 1d 


00 SV AWVS SLNdNi 


vVivd 


oa 
(v) 


tL GHOM 2 QYOM St GHOM 91 GHOM 


SL 49 72SV ANVS 
pi — £€ SOYOM 
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TYPE SN7/4$225 
16 x 5 ASYNCHRONOUS FIRST-IN FIRST-OUT MEMORY 





TYPICAL WAVEFORMS FOR A 16-WORD FIFO 


= (ona, > pe 
CLEAR 


CLOCK A eat j | f ] | ] 
INPUTS < CLOCK B | j | | | | 
ie 


OATA IN 





UNLOAD 

crock Rea : | | ——— “| aa 7h —_- = 
INPUT yes Pleo ee ek —— 
READY 1 we ar) 


















UNLOAD Wipe alee ee ae, oe ee ee —_—_—————————— ee 
CLOCK 
OUTPUTS ——_— | 
OUTPUT ee = oe 
READY wa ? ee | 
= em em ee ee ees ete oe oe ———— $$ 
DATAOUT a WORD 1 WORD 1 WORD 2 WORD 3 WORD 16 
CLEAR LOAD Load LOAD LOAD UNLOAD UNLOAD UNLOAD UNLOAD 
WORD 1! WORD 2 WORDS315 WORD16 woRO) WORD 2 WORDS WORD 16 
315 
weet CROSS HATCHING INDICATES IRRELEVANT INPUT CONDITIONS 
FIGURE 1 — TYPICAL WAVEFORMS FOR A 16-WORD FIFO 
CLOCK IN READY 
NC UNLD UNLD UNLOAD 
CKOUT CKIN CLOCK 
re ce 
late) 
meme be a 
sor end i 
DATA 
in ror ea 
i OUTPUT 
CLEAR ENABLE 
INPUT 
READY OUTPUT 
10-BIT 
DATA 
OUT 





U 
ne CROUT 
5 BIT 
DATA 
IN 
FIGURE 2 — EXPANDING THE ’S225 FIFO (48 WORDS OF 10 BITS SHOWN) 
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e Significant Savings in Package 
Count Compared with SN54184, 
SN54185A, SN74184, or SN74185A 
(Over Half in Many Applications) 


e Three-State Outputs 


description 


These monolithic converters are derived from the 
SN54S371/SN74S371 custom-programmed read-only 
memories. Both of these converters comprehend that 
the least-significant bits (LSB) of the binary and BCD 
are logically equal, and in each case the LSB bypasses 
the converter as shown in the typical applications. 
This means that a nine-bit converter is produced in 
each case. The devices are cascadable to N bits. 


The three-state outputs offer the convenience of 
open-collector outputs with the speed of totem- 
pole outputs: they can be bus-connected to other 
similar outputs yet they retain the fast rise-time 
characteristic of totem-pole outputs. A high logic 
level at either enable (G) input causes the outputs 
to be in a high-impedance state. 


In many applications these converters can, by including 
3 more bits than the SN54184/SN74184 or SN54185/ 
SN74185, reduce power consumption significantly and 
package count by more than half as shown in the 
tables below. 


SN54S484/SN74S484 vs SN54184/SN74184 


TYPICAL 
ACCESS TIME 
@ Tp = 25°C 


MAXIMUM 
SUPPLY 
CURRENT 


PACKAGE 
COUNT 


(A) (ns) 


r-saea [tea | saee | 100 


3 
5 
8 
12 
16 
21 
27 


SN54S484, SN74S484 BCD-TO-BINARY CONVERTERS 
SN54S485, SN74S485 BINARY-TO-BCD CONVERTERS 





TTL TYPES SN54S484, SN54S485, SN74S484, SN74S485 
LS! BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


D2534, JUNE 1979 





SN54S484, SN54S485 ... J PACKAGE 


SN54S484, SN54S485 .. JOR N PACKAGE 
(TOP VIEW) 





INPUTS INPUTS 
ENABLES 
OUTPUTS 
OUTPUTS 
logic symbols 
SN54S484 SN54S485, 
SN74S484 SN74S485 


BCD/BIN 


QIa 


ao > 


zranmao 





zrTannmonoe YF 





These devices are also available in chip carriers, See 
Product Guide, Section 7, for pin assignments, 


SN54S485/SN74S485 vs SN54185/SN74185 


MAXIMUM TYPICAL 
BINARY PACKAGE SUPPLY ACCESS TIME 
BITS COUNT CURRENT @ Tp = 25°C 
(A) (ns) 


sagas | ‘185 | ‘saes | 185 _| 
72 81 


| 's485_| 
8 2 3 
16 8 16 252 216 
24 19 40 459 351 
32 33 74 486 


Copyright © 1979 by Texas Instruments Incorporated 
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TYPES SN54S484, SN54S485, SN74S484, SN74S485 


BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


SN54S485, SN74S485 
BINARY-TO-BCD CONVERTER 


SN54S8484, SN74S484 
BCD-TO-BINARY CONVERTER 


FUNCTION TABLE 


FUNCTION TABLE 


C B A\Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 
256 128 64 32 16 8 4 2){160 80 40 2010 8 4 2 


D 


E 


Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 
8 4 2 


CBA 
160 80 40 20 10 8 4 2 | 256128 64 32 16 


H G F E D 


Y“) 
— 
~ 
a 
= 
=) 
oO 
72) 
i 
a 
a 
é 
72) 
Ee 
a 
oO. 
- 
2 
O 
n 
- 
a 
ou 
7 


H LoL 


be (by kb. te 


L HE LIL 


Invalid BCD code 
All outputs are high) 


L LeEHLBELL 


L 





L H 
LH 
eee aes 


H HH LCITH H HLL 


L 
L 


L 
L 


H 
H 


H H H H LLHL 


H H H H 


H H H H}|H H HLL 
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L tL H H 


Lok hk EAD A A i, 2 


H 
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HL 


Yj 


H H H H LHLEL 
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L 
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L 
L 
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L LbkLH|H H H L H 
H LE LHLIH H H L AH 
H L tL H H|H H H L H 
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H H H H LH LH 
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i OA Son Ce a Sa 
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H H H H HLLL 








L H LE H}H H H LH H 


L HH L}H H H HL 
H L HH H}|H H H HL 
H H LL LTH H H HEL 
H H LL H}H H H HL 
H H LH LIH H H HL 
H H LH H|H H H H H 
H H HL LI|H H H H H 
H H H LH{H H H H H 
H H HH LY}H H H H H 


H H H H H|H H H H H 


H H H H HL LH 
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H H H H HLHL 
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H H H H HHLEL 
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H H H H HHL H 





H bt L 





H H H H HHHL 
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X XK X X X H X H 
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irrelevant 


X= 


low level 


L= 


high level 


H = 








H 


H 


BCD INPUT 













LSD 


SD 


M 


BINARY INPUT 


256 128 64 32 


Smead 


8 


0 


4 


20 


160 80 40 


8 


16 


SN54S485/SN74S485 


+t 
fee) 
wv 
¢9) 
wv 
™ 
2 
wa 
~~ 
wv 
ce 
wT 
i?2) 
wT 
Ww 
2 
i? 2) 








Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 


Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 


160 





,80 40 20 10,8 4 2 1, 


MSD 


oad 


8 


16 
BINARY OUTPUT 


32 


256 128 64 


MSB 


LSD 


LSB 


BCD OUTPUT 
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TYPES SN54S484, SN54S485, SN74S484, SN74S485 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vec (see Noted) 5 oder deena see Sik Go wa a ie eR SR Re ee, OE Ree 2 7V 
IDOE VOMtAGO® 2 45a ae Hrd ee recherche AE WR ae a Bee ee Satie wk Oe, oe EN EE ee eee eS 5.5V 
Off-state OUTDUEVOITAge: ices ae Ao oe we ee ee ered ale a wededd Siecle endrene @ a act a tone ctnk 5.5V 
Operating free-air temperature range: SN54S484,SN54S485 6. kk ee ees —55°C to 125°C 

SN74S484,SN74S485 dk kee ees O°C to 70°C 
Storage temperature range 6... ce eee tenn b ee nee nen eneeeanes —65°C to 150°C 


recommended operating conditions 


SN74S' 
MIN NOM MAX 
4.75 5 5,25 


MIN NOM MAX 





Supply voltage, Vcc ; 
Off-state output voltage 
High-level output current, Io 


Cc 
og ee 


Low-level output current, [oc 


| 
oO 
on 
ot 
N 
on 
oO 


70 





Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER MIN TYP MAX 
ViH_ High-level input voltage eee eae ale a 
Vit___ Low-level input voltage Nae tl ene 
VikK___Input clamp voltage 


Vcc =MIN, VIH=2V, ViL =08V, 
lOH = MAX 


loL = MAX 
high-level voltage applied 
low-level voltage applied 
Input current at maximum input voltage Vec =MAX, V,=5.5V 


lH High-level input current Vcc =MAX, Vy, =2.7V . 


WL Low-level input current Vcc = MAX, V,;=O0.5V 


ios Short-circuit output current8 Vcc = MAX, —30 
Icc Supply current Vec = MAX, See Note 2 


Co Off-state output capacitance Vec=5V, Vo=5V, f = 1 MHz 


UNIT 


No 


| 
UU 
o gi 
= is ‘s 
13/3 )805]3] 5 | 3 | <| < |<< 


VOH High-level output voltage 4 





switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


TEST | SNsas' | SINS" 
CONDITIONS MIN TYP* MAX | MIN TYP* MAX 


C,_ =30pF, See Note 3 












PARAMETER 





Bey 
ol 


Oo 
Cc 
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ta(ad) Access time from address 


WO 
Oo 


tPzx Output enable time 


_=}/ 
oO; 
Ny 
ol 


tpxz Output disable time CL =5pF, See Note 3 





tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions, 
* All typical values are at Vec=5V,T, = 25°C, 
8 Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
NOTES: 1. Voltage values are with respect to network ground terminal. 
2. With outputs open and enable (G) inputs grounded, Icc is measured first by selecting a word that contains the maximum number 
of high-level outputs, then be selecting a word that contains the maximum number of low-level inputs, 
3. Load circuit and voltage waveforms are shown on page 1-12. 
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schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


TYPICAL OF ALL OUTPUTS 
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TYPICAL APPLICATION DATA 
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TYPICAL APPLICATION DATA 
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Texas Instruments invented the integrated circuit, microprocessor, and 
microcomputer — technology milestones that made today’s SN74LS481 
and SN74S481 4-bit-slice Schottky processor components a reality. Tl 


is a world leader in producing reliable, affordable advanced electronics. 
Being first is our tradition. 
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INTRODUCTION 


These Schottky TTL 4-bit expandable parallel binary micro/macroprogrammable processor element building blocks 
are designed specifically for implementing high-performance digital computer/controllers. With the ability to 
efficiently emulate existing systems, they can be used to upgrade hardware performance with full compatibility to 
protect software investments. 


Two performance ranges are available: 


a. The SN74S481, Schottky TTL performs typically at a clock cycle time of 90 nanoseconds at 345 
milliamperes of supply current. 

b. The SN74LS481, low-power Schottky TTL performs typically at a clock cycle time of 120 
nanoseconds at 220 milliamperes of supply current. — 


ARCHITECTURAL FEATURES 


Designed with full parallel dual input/output ports, the memory-to-memory architecture provides a new dimension in 
interrupt processing or program context switching flexibilities. Static bipolar logic performs each microinstruction 
within a single clock cycle. 


Primary among the architectural features are: 


Microprogrammable, bit-slice design is expandable in 4-bit multiples 

Full parallel dual input/output ports for use in advanced memory-to-memory architecture 
Full-function ALU with carry look-ahead, magnitude, and overflow decision capabilities 
Double-length accumulator with full shifting capability and sign-bit handling 

Dual memory address generators on-chip. 


OPERATIONAL FEATURES 


The functional capabilities, characterized by the 24,780 unique operations, coupled with the macroprogrammable 
multiply and divide algorithms, make these processor elements particularly attractive for implementing advanced high 
performance computers and controllers. 


In addition to the full parallel data bus structure, the ‘LS481/'S481 architecture also features asynchronous access to 
data routing and counter updating controls which, when combined with the most versatile instruction set available 
(see operational description) maximizes flexibility, efficiency, and performance. Simultaneous compound operations 
in the form of an ALU function with shift, plus destination selection with address/iteration updating, plus address 
and present data to memory can be accomplished in a single microcycle. Some other operational features are: 


e Simultaneous one-clock compound operations, with status, can reduce microcycles and improve throughput 

® Pre-programmed CRG and double-precision multiply/divide algorithms 

e Double length accumulator: with full bidirectional single/double precision arithmetic/logical/circulate shift 
capabilities include sign protection | 

e Full micro-operational control is provided for programming: address updating, data and address source 
selection, and direct transfer of data to working register or working memory 

® Relative position contro! defines bit-slice rank and sign handling in N-bit applications. 


MECHANICAL FEATURES 


These processor elements are supplied in either a high-density quad-in-line ceramic package or a plastic dual-in-line 
package. The high-density 48-pin ceramic package has quad pin rows formed on 600- and 800-mil centers. Within each 
of the four rows, the pin spacing is 100 mils, center-to-center. The plastic dual-in-line package has standard 100-mil 
spacing on 600-mil centers. The outline drawing is provided on page 9-9 of this book. 


3-7 





SN74LS481 
SN74S481 


TABLE 1 
‘FUNCTIONAL DESCRIPTIONS 


INPUT, OUTPUT, OR 
PIN NUMBER / pwnane PIN FUNCTION INPUT/OUTPUT 
46, 47 BI/OO, BI/O1 } 4-bit paralle! data input port to the B latch, or 4-bit parallel data Inputs/Outputs 
P Bl/O2, BI/O3 | output for the ©-bus when not being used as an input. 
Alto, Al1 4-bit parallel data input port to the A latch and WR. 
Al2, Al3 
serves as an open-collector output during the CRC algorithm. waar 
Single 5-volt power-supply terminal. Supply Voltage Pin 


Receives low-active ripple carry input data. | Input 


Directs internal and input/output end-conditions required to define Input 
the relative position of each bit-slice when N-SN74S481's are 
cascaded to implement Nx4-bit word lengths. When biased at 2.4 
volts, the package operates as the least-significant (LSP) slice; when 
grounded, it functions as an intermediate (IP) slice; and when high, 5 
volts, it functions as the most-significant (MSP) slice. 




























Ot = 
=> ojw alr 





OPO, OP 1 OPO through OP9 serve as a 10-bit parallel operation-select input to 
OP2, OP3 the micro-decode logic array. In the most-significant position, OP8 
OP4, OP5 and OP9 additionally serve as open-collector outputs during multi- 
OP6, OP7 ply and divide algorithms. In the least-significant position, OPS 


—_ 
© 











In least-significant and intermediate positions outputs arithmetic Output 
carry generate (Y) for use with look-ahead. In most-significant 
position outputs true arithmetically-greater-than signal. 










2 





In least-significant and intermediate positions outputs arithmetic 
carry propagate (X) for use with look-ahead. In most-significant 
position outputs true logically-greater-than signal. 


Outputs low-active ripple carry data. 


Outputs true (active-high) equality of ©’ bus equals zero for each Open-Collector Output 


Output 


NTN 
WIN 


4-bit slice. The open-collector output permits wire-AND to achieve 
Nx4-bit equality output. 


When low, data applied at the Al port coincident with the t clock 
transition is loaded into the WR. 





NO 
> 


io) OC] N 
z 2 ed A a 
- > 2 
= g o 7) 




















26 WRRT, Working register and £-bus shift interconnectivity pins. WRRT Bidirectional t/O 
25 WRLFET receives left-shift and outputs right-shift. (true) data. WRLFT 
receives right-shift and outputs left-shift (true) data. Shift can be 
single-precision, double-precision, signed or unsigned. 
28 XWRRT, Extended working register shift interconnectivity pins. XWRRT Bidirectional 1/O 
27 XWRLFET receives left-shift and outputs right-shift (true) data. XWRLFT 
receives right-shift and outputs left-shift (true) data. Shift can be 
; single-precision, double-precision, signed Or unsigned. 
29 Selects one of three DOP sources (WR, XWR, or =-bus) or places 
30 aa the DOP outputs in a high-impedance state. . 


4-bit_paralle!, data-out port. DOPO is LSB. 3-state outputs 





INCMC 





When low, enables the MC to increment as directed by CCI on the 
next t clock transition. When high, inhibits MC to hold mode. As 
CCO is common to MC and PC, the MC should be inhibited when 
PC is enabled. 


Common or ground terminal for the supply voltage ee eel 


37 CCO/OV In least-significant and intermediate positions a low-level output Output 
. indicates that either the PC or MC is at maximum count. As CCO is 
common for both PC and MC ambiguous carry can be avoided if one 
or both counters is/are disabled by the TINCPC and/or INCMC 
inputs. In the most-significant position, a high-level output, 
depending on the operation selected, indicates that the WR, XWR, 
or ALU will overflow (OV) on the next clock. 






Input 


WOW Ww 
—=NW 





- 
co 
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BI/O SEL 
| 47} BI/01 
BI/O0 
| __45] ck 
44) CT) 
| 43] INCRE 
AO SEL 
| 41} AoP3 
SN74LS481 
AoP2 
SN74S481 
| 39] aoPy 
AOPO 
CCO/Ov 
GND 
| 35) INCME 
DOPO 
} 33] DoP4 
' DOP2 
| 31} pops 
D1 
| 29] bo 
XWRRT 
XWRLFT 
WRRT 
| 25] WRLET 





FIGURE 1—PIN ASSIGNMENTS 


. TABLE 1 (Continued) 






















| 42  f ao | Selects one of two AOP sources (PC or MC). 
CCO is common to PC and MC, the PC should be inhibited when 
~ i | When high, enables the transparency of A and B input latches. When 
When low, enables BI/O to output &-bus data. When high, the BI/O 


. INPUT, OUTPUT, OR 
PIN NUMBER } piv name PIN FUNCTION INPUT/OUTPUT 
INCPC When low, enables the PC to increment as directed by CCI on the 
MC is enabled. 
low, latches A and B input data. Clocks synchronous registers and 
BI/O SEL 
output drivers are placed in a high-impedance state permitting BI/O 


38, 39 AOPO, AOP1 4-bit parallel address-out port. 

40, 41 AQOP2, AOP3 
next t clock transition. When high, inhibits PC to hold mode. As 

CCl In teast-significant position, a low input directs enabled PC or 
enabled MC to increment by one on next f clock transition. in the 
LSP, a high directs enabled PC or enabled MC to increment by 2. In 
other positions, a low is a carry input and a high inhibits the 
counter. 
counters On the positive transition. 
to be used as data inputs. 
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2.1 


2.2 
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DETAILED FUNCTIONAL DESCRIPTIONS 
MICRO-DECODING LOGIC ARRAY 


The micro-decoding logic array is a dedicated 11-input PLA decoding 73 product terms to generate 24 contro! lines 
needed to implement the 14 operation forms. The eleven inputs consist of the ten operation select lines (OPO through 
OPQ) and the ALU carry input. The carry input, utilized as an additional operation select line during operation forms 
not performing arithmetic functions, maximizes system pin efficiency and functional density. 


In an expanded word length system (two or more ‘LS481/'S481’s), operation select inputs 8 (OP8) and 9 (OP9) 
assume an input/output capability in the most-significant or least-significant package as a result of the position control 
and the type of operation being performed. During microprogrammable operation forms | through 1X, OP8 and OP9 
function simply as another input; but, during the macroprogrammable operations of forms X through XIV one or 
both become an output during iterations. Table 2 summarizes by operation form the control (output) package and the 
operation lines which are used as an output. 


TABLE 2 
MSP OP8 and OP9 ITERATIVE FUNCTION SUMMARY 


| CONTROL OPERATION SELECT I/O 
OP. FORM ALGORITHM 


I thru 1X All INPUT INPUT 


Xx CRC ACCUMULATION INPUT OUTPUT 
xl SIGNED DIVIDE ; OUTPUT OUTPUT 


UNSIGNED DIVIDE INPUT OUTPUT 
UNSIGNED MULTIPLY INPUT OUTPUT 
SIGNED MULTIPLY OUTPUT OUTPUT 





lf the macroinstructions are to be used in an expanded word length, OP8 and OP39 select lines of the MSP and the OP9 
line of the LSP should be driven from either a 3-state output (which can be placed in high-impedance state) or an 
open-collector output (which can be wire-OR‘ed with the OP select I/O lines). During an iterative function for which 
the OP line is designated as an open-collector output, the OP line driver should be placed in a high-impedance or 
off state permitting the output function to drive similar OP lines in the remaining packages. 


| The output state of OP8 or OPQ is a function of on-chip status decoder as enumerated in the flow diagrams illustrating 


the five algorithms. | | :™ 
RELATIVE POSITION CONTROL (POS) 


The single line position control, with the ability of decoding one of three input logic states, provides each ‘S481 in an 
expanded word length system with the capability of identifying its relative position. The relative positions, with the 
corresponding input logic levels are enumerated in Table 3. 


TABLE 3 . 
POSITION CONTROL FUNCTIONS 


POS INPUT 
LOGIC LEVEL 


RELATIVE POSITION 


>3.6V MOST-SIGNIFICANT POSITION (MSP) 
18 Vto3V . _ LEAST-SIGNIFICANT POSITION (LSP) 
<0.8V INTERMEDIATE POSITION (IP) 
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The relative position identification dictates how each ‘LS481/’S481 in the system handles the multi-purpose |/O 
accommodations and ALU sign and magnitude functions. See Table 4. Shift/Circulate interconnectivity bit transfers 
are explained in detail under shift/circulate transfer multiplexers. 


TABLE 4 
DUAL-FUNCTION LOGIC 1/O PINS 


LG (OUT) X (IN) 


Y/LG AG (OUT) Y (IN) Y (IN) 
CCO/OV OVERFLOW (OUT) CCO (OUT) CCO (OUT) 





X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS 


CLOCK 


The clock synchronizes the entry or change of data in the ‘LS481/’S481 registers and counters, and it controls the 
status of the A and B input latches. A typical clock cycle is illustrated in Figure 1. The low-to-high transition of the 
clock input is the clocking edge for any combination of either the working register, extended working register, flag flip- 
flops, and the program counter or the memory counter activated by the resident operation. During the low-level por- 
tion of the clock input, both input latches are latched ensuring data stability at the positive clock transition. After the 
clock has gone to a high level, the input latches are placed in a transparent mode to accept the next set of input data. 


fg CLOCK CYCLE ————_—-—_» 


| 
| _ TRIGGER EDGE 
| FOR WR, XWR, 


| 
| 
| 
FF'S,PC,ORMC~ | 
| 
| 
| 


VIH 








| oe = 


{NPUT —— >} g ——___—— INPUT —__——_» 


LATCHES TRANSPARENT | LATCHES LATCHED | 


FIGURE 2 — CLOCK CYCLE 


LATCHED DATA INPUT PORTS 
The SN74LS481/SN74S481 features dual input ports combined with data flow paths which are designed specifically 


to reduce the number of system clock cycles needed to enter operands and/or data. Both the A and B input ports are 
latched, eliminating the need for external registers, to simplify interfacing directly with system data bus paths. 


The A input port data is made available to both the input latch and the working register which allows A data to be 
loaded into the working register directly. . 
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The B port is configured to serve as an input/output data path providing the capability to: 


a. Input data to the B latch 
b. Output sum-bus data. 


-~ 


This !/O port is designed specifically to simplify implementation of data transfers to the external working memory. 


Both the A and B latches are transparent when the 'LS481/'S481 clock input is high. Data applied at the A and B 
inputs should be stable anytime prior to or at least coincident with the falling edge of the clock input (see Figure 3). 
After the clock falling edge, the data inputs should be held steady for thold(data) or longer to facilitate the on-chip 
clock buffers to latch the data. 


CLOCK 
INPUT 






| ViL 
<— ty, (data)>0 ——>| 
SSS SMe ear ee ee 
ALOR i \ 
ae ¥ 1. 5v Y 1.5V 
INPUT i'\ /\\ 
bee? ee, ety ee ee ss ON as jet oS (hie eee ee VIL 


—-—— th (data) siaiat 


FIGURE 3 — INPUT LATCHES SETUP/HOLD TIMES 


The A input port latch data is routed to the A input multiplexers, and the B input port latch data is sourced to both 
the A and B input multiplexers. 


A AND B OPERAND SOURCES 
The A and B input multiplexers source the ALU A’ and B’ ports through true/complement conditional inverter 


circuits. Data routing for each, illustrated and listed in Figure 4, provides the ALU with access to the true or 
complement of: 


ALU A’ PORT ALU B’ PORT 
is A input latch 1. B input latch 
2. B input latch 2; Sum bus 
3. Working Register 3. Working register 
4. Low logic level inputs 4. Extended working register 
(force zeros) 5. Program counter 
6. Low logic level inputs 


(force zeros) 


The A and B multiplexers and true complement circuits, under control of the resident operation code, are selectable 
at the microprogram level. The number of A or B multiplexer sources available depend upon the specific operation 
being performed by the 'LS481/'S481. Operation form descriptions contain detailed microprogramming. 


The A and B input multiplexers, with selectable true and complement operand sources, maximizes the processing 


power of the 'LS481/’S481 by minimizing the active components needed to achieve both the simple but highly flex- 
ible data routing tasks and full ALU capabilities. 
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A OPERAND SOURCES 





B OPERAND SOURCES 
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4 
3-S BUS 
4 


SUM BUS 
(FROM ALU) 


FROM 
LOGIC 
ARRAY 


A’ TO ALU 
B INPUT/OUTPUT 
4 
4 
B LATCH 

WR TOA 

XWR MUX 
PC 


4 4 34 4 4 


4 


4 
B’ TO ALU 


FIGURE 4 — ALU OPERAND SOURCES 
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A INPUT SELECTIONS 


AINA’ 
AINA’ 

LOGIC ONE'S A’ 
LOGIC ZERO’'S A’ 
BIN A’ 
BINA’ 

WR >A’ 

WR->A’ 


B INPUT/OUTPUT SELECTIONS 


BIN >B’ 

BIN =>B’ 

LOGIC ONE'S »B’ 
LOGIC ZERO’S > B’ 
(B IN) - (WR) B’ 
(BIN) > (WR) > B’ 
WR > B’ 

WR => B’ 

(BIN) *(XWR) 8B’ 
(B IN) - (XWR) > B’ 
XWR 2B’ 

XWR > B’ 

(B IN) * (PC) B’ 
(B IN) + (PC) > B’ 
PC >B’ 

PC 8B’ 
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ARITHMETIC/LOGIC UNIT (ALU) 


The 4-bit, parallel, binary arithmetic/logic unit provides the arithmetic/Boolean operand combination/modification 
mechanism including magnitude and overflow status. The ALU performs, as directed by the resident operation form, 
one of four basic functions which, when combined with the operand selections at the A and B multiplexers, extends 
the arithmetic/logic capabilities to that of a full 16-function ALU. 


When compared to other bit-slice processor elements, unique to the ‘LS481/'S481 arithmetic architecture are the 
parallel input ports and fully microprogrammable symmetry for all ALU functions within the selections of the A and 
B input multiplexers. | 


Logical and arithmetic operation forms for the ‘LS481/'S481 are shown in Table 5. The full functional power of the 
'LS481/'S481 can be visualized only if it is understood that although both ALU’s have parallel A and B input ports, 
the ‘S481 architecture not only provides access to multiple sources but has the capability to route true or comple- 
ment.of any source to the A and B ALU port. This means that for a subtract operation, the subtrahend may be either 
an Aor B input. In addition to maximizing data routing capabilities of the ‘LS481/’S481 at minimum logic/gate levels, 
this architecture permits fully symmetrical operations to be performed on the A or B sources within the selections 
offered by these ‘S481 arithmetic/logical operation forms. 


TABLE 5 
*LS481/'S481 ALU AND LOGIC FUNCTIONS 


LOGICAL OP’S (FORM VIII) 
DATA INPUT TWO’S COMPLEMENT INTEGER ARITHMETIC OP’S CIN = HORE 


APORT | BPORT CIN = L po ciN=H | oR NOR | EXNOR | 


0 
MINUS 1 
MINUS 1 
MINUS 1 MINUS 2 
APLUS 1 A 
A AMINUS 1 


MINUS A MINUS A MINUS 1 

MINUS A MINUS 1 | MINUS A MINUS 2 

B PLUS 1 B 

B B MINUS 1 

MINUS B MINUS B MINUS 1 

MINUS B MINUS 1 MINUS B MINUS 2 

A PLUS B PLUS 1 APLUS B 

A MINUS B A MINUS B MINUS 1 

B MINUS A B MINUS A MINUS 1 
MINUS A MINUS B MINUS 1] MINUS A MINUS B MINUS 2 


>PrPdrMAaAWAMW Aad PrP Ww 
®oe@e 
wow w 


av0dn waa a vo Oo 


> 
@ 
© 





Some unique one-clock arithmetic/iterative capabilities of the ‘LS481/'S481 are listed in Table 6. 


TABLE 6 
EXTENDED ALU FUNCTIONS OF ’LS481/’S481 


A (ALU) B - WR 
A (ALU) B + XWR 


A (ALU) B + PC 


A (ALU) B DOUBLE-PRECISION SHIFTED LOGICAL LEFT OR RIGHT 


A (ALU) B SINGLE-PRECISION SHIFTED LOGICAL OR ARITHMETIC 
LEFT OR RIGHT 
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Table 5 also indicates the 16 logical combinations of two Boolean variables which are selectable for the OR, NOR, and 
exclusive-NOR functions. Full symmetry of the ALU and the ability to select the complement of input data extends 
the logic functions for performance of: 


NAND 

AND 

Exclusive-OR 

Mixed combinations of each 

Transfer functions for true or inverted data 
All ones or ali zeros. 


>~ OM A090 5 o 


2.7 ALU MAGNITUDE AND CARRY FUNCTIONS 


The 'LS481/'S481 ALU is fully decoded on chip to generate three magnitude outputs (status lines) and both ripple 
and look-ahead carry functions. The magnitude outputs and their status indications are as follows: 


2.7.1. Equal (EQ, See Figure 5) EW 


The results of the resident ALU operation are compared at the sum-bus for all bits high during subtract and left-shift 
arithmetic operations, or for all bits low during other operations. 


FO aBTS481 a 


MMMM 
GN— © 









EQUAL 
OUTPUT 

(OPEN 
COLLECTOR) 


H FOR COMPARE . 


L FOR OTHER 
OPERATIONS 


LOGIC 


—_—) some cee ee ee ee eee ee es eee es ee eee 


H=HIGH LEVEL, L=LOW LEVEL 


FIGURE 5 — EQUAL OUTPUT 
2.7.2 Logically-Greater Than (LG, See Figure 6). 
In the most-significant package (MSP) the X look-ahead function from the ALU is inhibited and the 
logically-greater-than (LG) output is enabled. See Figure 6. The MSP LG output is active during arithmetic and shift 


operation forms to provide a status indication that can be used when it is desirable to compare two unsigned integer 
numbers. The specific status for each operation form is listed in Table 7. 
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’LS481/'S481 


EQUAL 


LG 
(MSP) 
OUTPUT 


C-OUT 


H FOR 
COMPARE 

L FOR OTHER 
OPERATIONS 


MSP 





L FOR ARITH OPERATIONS . 





[(~------------------- 
a eee Te... genre 


H=HIGH LEVEL, L=LOW LEVEL 
X IS CARRY LOOK-AHEAD FUNCTIONS 


FIGURE 6 — MSP LOGICALLY-GREATER-THAN (LG) OUTPUT 


TABLE 7 
MSP LOGICALLY-GREATER-THAN (LG) OUTPUT 


OP FORM TYPE OF OP LG =H INDICATES 
for I (ARITH) . x-BUS # ZERO (EQ = L) 
ALL 


iW (ARITHWITH SHIFT 
IV, Vor VI (SHIFTS) 
VII (COMPARE) 
ViINLOGIGAL) 
an 


X THRU XIV HARDWIRED ALGORITHMS SEE OPERATION FORM DESCRIPTION 


2.7.3 Arithmetically-Greater Than (AG, See Figure 7) 
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In the most-significant package (MSP) the Y look-ahead function from the ALU is inhibited and the 
arithmetically-greater-than (AG) output is enabled. The MSP AG output is active during arithmetic and shift operation 
forms to provide a status indication that can be used when it is desirable to compare two signed integer numbers. The 
specific status for each operation form is listed in Table 8. 
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SN74S481 

a ‘LS481/'S481 | 
| H FOR COMPARE | 
| L FOR OTHER OPERATIONS | 
| x0 | 
; > — ) 
| | 
| | 
| | 

| 
| Daa 
ae, | 

| 
| | 
| MSP iS ny | 
| L FOR ARITH OPERATIONS |} | 
I H FOR LOGICAL OPERATIONS | 


H=HIGH LEVEL, L=LOW LEVEL 
X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS 


FIGURE 7 — MSP ARITHMETICALLY-GREATER-THAN (AG) OUTPUT 


TABLE 8 
ALU CARRY AND MSP ARITHMETICALLY-GREATER-THAN (AG) OUTPUTS 


LSP AND IP 


OPERATION FORM 
a ik el ee 
LOGICAL OPERATIONS z- | z-us-0 | 0 z- } z-Bus +0] #0Q-} &- lseus>o | >0 2: e-BUS-0 | 0 | cin | 


IN 
RITHMETIC OPERATIONS: ALGB A AGB 

ane A=B C-OUT ; C-OUT 
COMPARE BLGA BAGA 


ALL OTHER ARITHMETIC | E-BUS=0 — 0 | COUT | } E-BUS #0, x-BUS |S-BUSAGO | | E-BUS AG 0} AG 0 | COUT 





and Y arecarry look-ahead functions. 


OPERAND OVERFLOW 

In the most-significant package (MSP) the counter-carry output (CCO) function from the program/memory counter is 
inhibited and the overflow (OV) output is enabled. The MSP OV output is active during arithmetic and shift operation 
forms to provide a status indication that the result of the operation cannot be correctly represented with the number 


of bit positions available. When the OV output goes high, it indicates that the next clock will: 


a. During arithmetic operations, cause the ALU to overflow. 
b. During left-shift arithmetic operations, cause the shifted register to overflow. 


Table 9 enumerates the specific indicators generated. 
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TABLE 9 
MSP OVERFLOW (OV) OUTPUT 


OP FORM TYPE OF OP OV = H INDICATES 


lor If (ARITH) ADD or SUB ALU OVERFLOW 
LSL, RSL ALU OVERFLOW 


—fsa__}__ov=t___ 

NEXT CLOCK WILL CAUSE 

SHIFT OVERFLOW 

NEXT CLOCK WILL CAUSE 
pO Sierovenrtow 
Pare unin 


A:B 
I TT 


X THRU XIV HARDWIRED ALGORITHMS SEE OPERATION FORM 
DESCRIPTIONS 


H = high level, L = low level 






ltl (ARITH WITH SHIFT) 






IV, V, or VI (SHIFTS) 



















Vil (COMPARE) 






2.9 SUM’ BUS MULTIPLEXER 


The sum’-bus multiplexer, sourced by the ALU, provides a means for accomplishing a shift operation on the ALU 
operand without affecting the contents of WR, XWR, PC or MC (See Figure 8). Functionally, this multiplexer can be 





used to: 7 
a. Shift the operand left or right (one bit position) arithmetic, logical, or circulate 
b. Pass the operand without shift to the 2’ bus. 
FROM ALU 
=3 r2 1 Z0 
COUT 
TO WRLFT MUX AND ' TO WRRT 
XWRLFT MUX MUX 
FROM 
XWRLFT’ MUX 
FROM FROM 
MUX 
£='MUX 
FROM ; FROM FROM _ FROM 
LOGIC LOGIC LOGIC LOGIC 
ARRAY ARRAY ARRAY ARRAY 
L’3 22 x1 r'0 





TO: DO MUX, PC, MC, WR MUX, XWR MUX, 3-STATE BUS 


FIGURE 8 — SUM BUS MULTIPLEXER 
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Full sign protection and fill-in is provided in the MSP and LSP under contro! of the relative position inputs. 


information on the ~’ bus can be accessed during some operations through the 3-state 2’ bus control buffer at the B 
input/output port. 


The parallel data input ports and the I/O capability of the B port, combined with the L-bus access, provides 
considerable flexibility for performing simple shifts or combinations of oOperation-and-shift on data or operands 
resident in the external working memory locations. 


2.10 B-INPUT/OUTPUT CONTROL 


The B-input/output port is isolated from the sum’ bus by a 3-state control buffer when the buffer outputs are at a 
high-impedance. Enabling the buffer routes the sum’ bus data to the B-port. The low-current inputs of the B port 
latch minimizes loading effects, and the buffers can source 6.5 mA or sink 10 mA of drive current in the output 
mode. During the output mode, the ‘bus data can be latched in the B input latch. Enabling or disabling is 
accomplished by the I/O control input. See Table 10 and Figure 9. 





TABLE 10 
B-INPUT/OUTPUT CONTROL 


1/0 CONTROL 1/0 BUFFER OUTPUT 


L SUM’ BUS DATA 
H HIGH-IMPEDANCE 






53 ='2 r1 ='0 


BI/O 
SELECT 


BI/O3 BI/O2 BI/O1 Bi/O0 





TO BI/O PORT 


FIGURE 9 — B-INPUT/OUTPUT CONTROL 
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2.11 WORKING REGISTER 


The working register (WR) is a 4-bit D-type register which functions as an accumulator during iterative arithmetic 
operations or as a temporary holding register for intermediate operands (see Figure 10). {it is sourced by the WR 
multiplexer. Storage of setup data, under control of the resident operation forms which permit the WR to be a 
destination, occurs on the positive transition of the clock. WR shifting capabilities are implemented in the WR 
multiplexer. The working register can be selected to source the data-out port multiplexer (DO MUX), A-input 
multiplexer (A MUX), or B-input multiplexer (B MUX). The MSB of the WR is sourced to the WRLFT MUX, and the 
LSB of the WR is sourced to the WRRT MUX to facilitate expansion. 


u3 42 LI xO 





AI3 Al2 . All AIO 
FROM HLD HLD HLD FROM 
WRLFT’ MUX WRRAT 
MUX 
WR 
MUX 
Nese ete 
FROM FROM 
LOGIC LOGIC 
ARRAY ARRAY 
D3 
WR 
03 
TO 
TO WRLFT WRRT 
MUX MUX 





TO: DO MUX, A MUX, B MUX 


FIGURE 10 — WORKING REGISTER (WR) AND WR MULTIPLEXER 


An asynchronous control fine, LDWR, is available to facilitate loading the working register directly from the A input 
port in combination with the resident micro-operation. 


2.12 WORKING REGISTER MULTIPLEXER (WR MUX) 


The working register multiplexer provides source selection, including the bidirectional shifting capability, for the 
working register. See Figure 10. Under direction of the resident operation, the WR MUX asynchronously selects 


either: 
a. A input port for direct loading 


b. >’ bus for ALU operand results 
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c. Hold mode for no change 
d. Shift left 
e. Shift right 


End conditions for both shift left and shift right operations are routed to or from WR MSB (WR3) or WRLSB (WRO) 
to the WRLFT/WRLFT’ multiplexers or to the WRRT/WRRT’ multiplexers respectively. 


2.13. EXTENDED WORKING REGISTER 


The extended working register (XWR) is a 4-bit D-type register which functions primarily as an extension of the 
working register to provide the double-precision operation capabilities needed for iterative multiply and divide 
routines (see Figure 11). Additionally, the storage capabilities of the XWR are available for use as another temporary 
holding register for intermediate operands during a number of the single-precision operation forms. It is sourced by 
the XWR multiplexer. Storage of setup data, under control of resident operation forms which permit the XWR to bea 
destination, occurs on the positive transition of the clock. XWR shifting capabilities are implemented in the XWR 
multiplexer. The XWR can be selected to source the data-out port multiplexer (DO MUX), B-input multiplexer (B 
MUX), or the XWR multiplexer (XWR MUX). The MSB of the XWR is sourced to the XWRLFT’ MUX, and the LSB 
of the XWR is sourced to the XWRRT’ MUX to facilitate expansion. 








£'3 za =1 x'o 
FROM HLD FROM ; 
XWRLFT MUX XWRRT 
HLO MUX 
XWR 
MUX i 
—— “~~ 
FROM FORM 
LOGIC LOGIC 
ARRAY ARRAY 
D3 
XWR 
Q3 
TO 
TO XWRLFT XWRRT 
MUX MUX 





TO: DO MUX, B MUX 


FIGURE 11 — EXTENDED WORKING REGISTER (XWR} AND XWR MULTIPLEXER 
2.14 EXTENDED WORKING REGISTER MULTIPLEXER (XWR MUX) 


The extended working register multiplexer provides source selection, including the bidirectional shifting capability, 
for the extended working register (see Figure 11). Under direction of the resident operation, the XWR MUX 
asynchronously selects either: 

a. >’ bus for ALU operand results 

b. Hold mode for no change 
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2.14.1 


Cc. Shift left 
d. Shift right. 


End conditions for both shift left and shift right operations are routed to or from XWR MSB (XWR3) or XWR LSB 
(XWRO) to the XWRLFT/XWRLFT’ multiplexers or to the XWRRT/XWRRT' multiplexers respectively. 


&-Bus, WR, XWR MSB Shift Transfer Multiplexers 


The MSB shift transfers are accomplished by the WRLFT, XWRLFT input/output multiplexers and the WRLFT’, 
XWRLFT’ sum-bus/register MSB input multiplexers. All four multiplexers, and the impedance of the 3-state I/O lines 
of the WRLFT and XWRLFT multiplexer outputs are under control of the resident operation code and the relative 
position control (POS). Data paths of the multiplexers are illustrated in Figure 12, and bit transfers with respect to 
each of the shift operations are enumerated in Tables 11 through 14. 


2.14.2 WRLFT, XWRLFT Multiplexers 


The WRLFT, XWRLFT input/output multiplexers facilitate routing of the working register, extended working 
register, or sum bus MSB out the WRLFT, XWRLFT I/O's during output modes. In an input mode, the three-state 
output is at a high impedance permitting the WRLFT and/or the XWRLEFT pins to be used as inputs. 


2.14.3 WRLFT’, XWRLET’ Multiplexers 


2.14.4 


3-22 


The WRLFT’ multiplexer selects the source for either the sum bus or working register MSB. Sign bit protection and 
right-shift bit-fill functions are all handled on-chip by these multiplexers under control of the operation code and 
relative position. The WRLFT’ sources are: 


WRLEFT (input) 

ALU carry out (for sign-fill) 

Low level (for zero-fill) 

XWRLEFT input 

XWR MSB 

WR MSB (sign-fill in for RSA) 
Sign fill in for RSA (see Figure 12) 


So 2° 2 2o 0 ® 


The XWRLFT multiplexer selects the source for XWR MSB and provides sign-bit protection and right-shift-fill 
functions for the XWR. The XWRLFT sources are: 


a. XWRLEFT (input) 
b. © WRLFT 
i XWR MSB (sign-fill in for RSA) 


WR, XWR LSB Shift Transfer Multiplexers 


The LSB shift transfers are accomplished by the WRRT, XWRRT input/output multiplexers and the WRRT’, 
XWRRT' sum-bus/register LSB input multiplexers. All four multiplexers, and the impedance of the 3-state I/O lines of 
the WRRT and XWRRT multiplexer outputs, are under contro! of the resident operation code and the relative 
position control (POS). Data paths of the multiplexers are illustrated in Figure 13. 
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2.14.5 WRRT Multiplexer, XWRRT Buffer 


The WRRT input/output multiplexer facilitates routing of sum-bus or working register LSB out the WRRT 1/O during 
output modes. The XWRRT I/O buffer can access and source the XWR LSB. In an input mode, the three-state output 
is at a high impedance permitting the WRRT and/or XWRRT pins to be used as inputs. 


2.14.6 WRRT’, XWRRT’ Multiplexers 
The WRRT’‘ multiplexer selects either the WRRT input or a low logic level (fill) input as the LSB source for either the 


working register or the sum-bus. The XWRRT’ multiplexer selects between the XWRRT input and low logic level (fill) 
input as the XWR LSB source. 


a 'LS481/'S481 | 


FROM LOGIC ARRAY 





WRLFT FROM | 
ssa WR3 
(1/0) | | 
| 
| | 
| | 
| | 
| WRLFT 
(TO WR3 | 
| AND £3) | 
| 
sie | 
, Cr 
|. OV | 
| 
| - couT| 
| | 
| | 
| XWRLFT | 
| (TO xwR3) | 
| | 
: | 
| 
XWRLFT | | 
(1/0) | re | 
| i abs | 
| FROM LOGIC | 
fo Bases a eee ge ea a ee ery yea eh ee _I 


FIGURE 12 — SUM-BUS, WR, XWR MSB SHIFT TRANSFER MULTIPLEXERS 
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TABLE 11 
WORKING REGISTER BIT TRANSFERS TO WRLFT/WRRT 


MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION 
WRLFT WRLFT’ WRRT’ WRRT | WRLFT WRLFT’ WRRT WRRT | WRLFT WRLFT’ WRRT’ WRRT 


LSL (SP) 
LSL (DP) 


LSA (SP) 
LSA (DP) 


LCIR (SP) 
RSL (SP) 
RSA (SP) 
RCIR (SP) 





TABLE 12 
SUM-BUS BIT TRANSFERS TO WRLFT/WRRT 


MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION 
WRLFT WRLFT’ WRRT’ WRRT | WRLFT WRLFT’ WRRT’ WRRT | WRLFT WRLFT’ WRRT’ WRRT 


| 
LSt (DP) 
LSA (DP) XWR3 
LCIR (DP) 
RSL (SP) Z WRLFT x0 x0 
RSL (DP) C-OUT x0 LO 
; =0 


RSA (SP) Zz * x x0 Zz WRLFT =0 
RCIR (SP) Z0 x0 
RCIR (DP) XWRLFT x x0 z0 


“VARIABLE = (23 * ALU OVERFLOW) + (COUT - ALU OVERFLOW) 





TABLE 13 
EXTENDED WORKING REGISTER BIT TRANSFERS TO XWRLFT/XWRRT 


MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION 
XWRLFT XWRLFT’ XWRRT’ XWRRT XWRLFT XWRLFT’ XWRRT’ XWRRT XWRLFT XWRLFT’ XWRRT' XWRRT 


LCIR (DP) WR3 XWRRT 
RSL (OP) XWRLFT z XWRLFT x XWRO 

| 
RSA (DP) z XWRLFT x XWRO 
RCIR (SP) z XWRLFT Xx XWRO 

. z XWRLFT x XWRO 
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TABLE 14 
SUM-BUS BIT TRANSFERS TO XWRLFT (MSP) 






MOST-SIGNIFICANT POSITION 
XWRLFET XWRLFT’ XWRRT’ XWRRT 









SHIFT 

Es 

LSL (DP) 2 XWRRT 

LSA (SP) XWR3 XWRRT 

LSA (DP) 53 XWRRT 

LCIR (SP) XWR3 XWRRT 
¥3 Xx XWRRT 2 

RSL (DP) WRLFT XWRO 

RSA (SP) XWR3 XWRO 

RCIR (SP) XWRLFT XWRO 


NOTE: Intermediate and Least-Significant Positions are the same as shown in Table 13. 


x xX 
NON 






x|x xX 
NIN N 







NN 





N N 
x XTX 





NN 
x xX 





(ee Tas es Pe eg ee ei ee eae eI ee, ~7 
'LS481/’S481 | 
FROM LOGIC | 
, ARRAY 
1 J 
| x0 | 
| | WRRT 
| (1/0) 
| WRO | 
| | 

| 
. 
i WRRT’ 
(TO WRO | 
AND 50) | 

H 
| 
FROM LOGIC | 

ARRAY | 

| | 
, | 

| 
| XWRAT’ an 
| (TO XWRO) l 
: | 
| 
, | 
| | 

| XWRRT 
| XWRO t$— 
| (1/0) 
| 

| 
. FROM LOGIC l 

ARRAY 

Pee apes esis es Gees as ees ee J 


FIGURE 13 — SUM-BUS, WR, XWR LSB SHIFT TRANSFER MULTIPLEXERS 
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2.15 


2.15.1 


2.15.2 
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SHIFT FUNCTIONS 


The ‘LS481/'S481 contains the necessary controls and data paths to perform single or double length logical, arith- 
metic, or circulate bidirectional shift functions in a single clock cycle. Each of the six shift functions implemented are 
selectable by a single microinstruction; and, additionally two single clock operation forms are included which provide 
the capability of performing an add/subtract in conjunction with a shift. The six shift functions and the basic opera- 
tion forms offering them are enumerated in Table 15. 


TABLE 15 
MICROPROGRAMMASBLE SHIFT FUNCTIONS 


OPERATION FORMS 
ADD/SUBTRACT 
SIMPLE SHIFT 
FUNCTION WITH SHIFT 
SINGLE DOUBLE SINGLE DOUBLE 
LENGTH LENGTH | LENGTH LENGTH 


Vi 
VI 
Vi 
Vi 
VI 
VI 


CIRCULATE (SHIFT) FUNCTIONS (MICROPROGRAMMABLE) 










LEFT CIRCULATE (LCIR) 
LEFT SHIFT ARITHMETIC (LSA) 
LEFT SHIFT LOGICAL (LSL) 
RIGHT CIRCULATE (RCIR) 
RIGHT SHIFT ARITHMETIC (RSA) 
RIGHT SHIFT LOGICAL (RSL) 








Operation forms IV and V provide the system designer with the capability of programming a single precision circulate 
(or rotate) of the 2’ bus, working register, or extended working register and operation form VI provides the capability 
of circulating or rotating a double-length word resident in the WR/XWR. A single-bit-position left or right circulate is 
accomplished on each clock without the loss of any bits as the shift transfer multiplexers, under control of the 
resident operation and position input, interconnect the bus or register as illustrated in Figure 14. 


The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for MSB > LSB for single precision circulates and for transfers to or from the 2’ bus or working register 
and the extended working register during double-precision circulates. Data flow between packages in an expanded 
word-length system is via the interconnected WRRT/WRLFT and XWRRT/XWRLFT terminals. 

ARITHMETIC SHIFT FUNCTIONS (MICROPROGRAMMABLE) 


Operation forms III, 1V, V and VI provide the system designer with the capability of programming the following 
arithmetic shifts. 


Form It! — A single-precision arithmetic left or sign-protected right shift of the sum or difference of the A and 
B operands destined for either the WR or XWR. 


Form IV — A single-precision arithmetic left or sign-protected right shift of the A operand destined for the >’ 
bus. 


Form V — A single-precision arithmetic left or sign-protected right shift of the WR or XWR contents. 


Form Vi — A double-precision arithmetic left or sign-protected right shift of the WR and XWR contents. 
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SN74LS481/SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 


‘LS481/'S481 MSP 





LEFT CIRCULATE 
SINGLE PRECISION 








ae ie ean _| 

SERIAL 

OUT 

MSB 

FIRST DOUBLE PRECISION 
: | | , SUM BUS OR WR | 
| 3 oa tee oo CD 
| XWR : XWR : : XWR | 
UU foleTe ++ _istste eae poe 
| "4.§481/'S481 MSP a | 'L$481/’S481 IP | i 'L$481/'S481 LSP : 

Ceara Ill "es ss pe ee ee ee 
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RIGHT CIRCULATE 
SINGLE PRECISION 

SERIAL 
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FIRST DOUBLE PRECISION 
fe ee TA Mr re eer a es Pale. Capit, oes Pores Gt 9 fa) 
! SUM BUS OR WR | | SUM BUS OR WR ! | SUM BUS OR WR | 
: 11} 10] 9 | 8 | jj 7} 6] 5] 4_ a | 3 | 2{[1] 0| 7 
7 XWR | | XWR : | | XWR : 
7 ii} 10} 9 | 8 | ae mee Oe OS 7 | 3 [2] 1] 0] ) 
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SERIAL ee EE a ae ta ea ee Ts ae es aa 
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MSB 

FIRST 


FIGURE 14 — CIRCULATE FUNCTIONS 
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2.15.3 


2.16 


2.17 
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A single-bit-position shift is accomplished on each clock with right-shift sign-protection and left shift LSB zero-fill 
operations controlled by the shift transfer multiplexers under direction of the resident operation and the position 
input. See Figure 15. 


The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for transfers to or from the 2’ bus or working register and the extended working register during 
double-precision arithmetic shifts. Data flow between packages in an expanded word-length system is via the 
interconnected WRRT/WRLFET and XWRRT/XWRLFT terminals. 


LOGICAL SHIFT FUNCTIONS (MICROPROGRAMMABLE) 


Operation Forms II, Ill, IV, V and VI provide the system designer with the capability of programming the following 
logical shifts: 
Form It — A double-precision left or right shift of the sum or difference of the A and B operands destined for 


the WR in conjunction with the XWR. 


Form II! — A single-precision left or right logical shift of the sum or difference of the A and B operands 
destined for the WR or the XWR. 


Form IV — A single-precision left or right logical shift of the A operand destined for the >! bus. » 
Form V — A single-precision left or right logical shift of the WR or XWR.-contents. 
Form VI — A double-precision left or right logical shift of the WR and XWR contents. 


A single-bit-position shift is accomplished on each clock with MSB and LSB fill operations controlled by the shift 
transfer multiplexers under direction of the resident operation and the position input. See Figure 16. 


The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer 
mechanisms for transfers to and from the 2’ bus or working register and the extended working register during 
double-precision logical shifts. Data flow between packages in an expanded word length system. is via the 
interconnected WRRT/WRLFT and XWRRT/XWRLEFT terminals. 


DATA-OUT PORT MULTIPLEXER (DO MUX) 
The data-out port multiplexer, Figure 17, provides selection for routing the contents of either the sum’-bus, working 
register, or extended working register to the parallel output port. Additionally, the multiplexer is equipped with 


3-state outputs providing the capability to isolate the ‘'LS481/'S481 from the system data bus. Source selections and 
high-impedance controls are detailed in Table 16. 


Each data output is capable of sourcing 6.5 and sinking 10 milliamperes of drive current. 
MEMORY AND PROGRAM COUNTERS 


Dual counters provide the system designer with a processor element containing both an iteration counter and the 
capability of generating and/or storing locations of operands/data. 


Either counter can be loaded or preset to any value or result from the sum bus in operations forms as follows: 


SELECTABLE AS 


DESTINATION 
OP FORM PC MC 
| Yes Yes 
Hl No Yes 
VIII Yes No 
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SN74LS481/SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 


LEFT SHIFT ARITHMETIC 
SINGLE PRECISION 


O(L) | 
WR OR XWR 


WR OR XWR | 





SERIAL 
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MSB 

FIRST 


<§—— 





SERIAL 
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MSB 
FIRST 
RIGHT SHIFT ARITHMETIC 


SINGLE PRECISION 








SERIAL 
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LSB 
FIRST 
ete a ee BOOyA feces ee eee eee ee Sl fee Oe ee es ~] 
| (pSUM BUS OR WR | | SUM BUS OR WR 7 : SUM BUS OR WR . 
Lipo 9 | 8 F— : 7/6} s5}4F——~13]2] 1] oF — 
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| | | | 
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FIGURE 15 — ARITHMETIC SHIFT FUNCTIONS 
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SN74LS481/SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 
LEFT SHIFT LOGICAL 
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SERIAL 





> 
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FIGURE 16 — LOGICAL SHIFT FUNCTIONS 
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SN74S481 
WR3 WR2 WR1 WRO 
XWR3 53 XWR2 ‘2 XWR1 v4 XWRO >'0 
a ae ee as ee a 
bDi—> 
DOP3 DOP2 DOP 1 DOPO 


FIGURE 17 — DATA-OUT PORT MULTIPLEXER (DO MUX) 


Under control of the position (POS) TABLE 16 

input and the resident operation DATA-OUT PORT CONTROL 

code, the CCO/OV output facilitates 

cascading the program and memory CONTROL 

counters. In the least-significant and INPUTS SOPRGE OR EUNE TION 


intermediate positions, the CCO pins 
of lesser significant packages are 


connected to the CCI pins of more =".BUS 
significant packages to complete the EXTENDED WORKING REGISTER 
counter interconnections to. the WORKING REGISTER 


bit-size of the processor element. HIGH-IMPEDANCE 





The functionally identical program 

and memory counters, sharing a 

common counter carry input (CCI) contro! pin and a common counter carry output (CCO) pin, feature individual 
control lines ((NC PC, INC MC) which can be used to instruct either (but normally not both) or neither counter to 
increment on the next clock transition in any of the 14 operation forms. Additionally, the counter in the LSP, under 
command of the POS input, has the capability of incrementing its value by one or by two to facilitate the generation 
of even or odd address locations in a single clock cycle. Contents of the counters can be read out from the address out 
port asynchronously under control of the address output multiplexer (AQ MUX) select input. 


Typical counter functions with respect to package relative positions are shown in Figure 18. 


In the MSP, the CCO/OV output, as a result of the position (POS) control, becomes the ALU/shift overflow (OV) 
status output. . 
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r 
‘LS481/'S481 | 'LS481/'S481 1 | ‘LS481/'S481 
MSP 1 | IP | 4 LSP 





INPUTS COUNTER VALUE 


ee ee 
INC PC INC MC LSP MC LSP PC MSP, IP MC © MSP, IP PC 
H H | 





H=HIGH LEVEL, L=LOW LEVEL, X=IRRELEVANT , 4 =LOW-TO-HIGH TRANSITION 


FIGURE 18 — PROGRAM AND MEMORY COUNTER FUNCTIONS 


2.18 ADDRESS-OUT PORT MULTIPLEXER (AO MUX) 


The address-out port multiplexer, Figure 19, provides for direct parallel access to the contents of either the program 
or memory counter contents. A single line controls selection as shown in Table 17. 


TABLE 17 
ADDRESS-OUT PORT CONTROL 


CONTROL 


COUNTER SELECTED 
INPUT AO 


MEMORY 
PROGRAM 
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PC3 MC3 PC2 MC2 PC1 MC1 PCO MCO 


LJ AS AS AS 
so —l> 


AQ3 AOQ2 AO] AOO 


FIGURE 19 — ADDRESS-OUT PORT MULTIPLEXER (AO MUX) 


2.19 EXPANDING THE WORD LENGTH 
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The 'LS481/'S481 processor element contains on-chip personality circuitry designed specifically to minimize the 
external discrete components required to cascade 4-bit slices to form larger work lengths. At the processor-element 
level, three external resistors are all that is required: one to pull-up the open-collector outputs and two to establish 
the position control input voltage at the LSP. Figure 20 shows a typical 16-bit processor element and illustrates the 
parallel bus arrangements for !/O and control with an SN74$182 performing ALU look-ahead across the 16-bit word. 
Interconnectivity for the shift, arithmetic, and counter functions is accomplished by hardwiring the functions as 
shown. 


At the system level, standard techniques commonly employed for power-supply bypass, termination of unused pins, 
and system grounding of high-performance Schottky TTL systems are recommended. 


OPERATIONAL DESCRIPTIONS 

MICRO/MACRO-OPE RATIONS 

The micro/macro-operations resident in the micro-decode jogic array can be accessed with an eleven-bit 
operation-select word. Operational flexibility is maximized by the fact that the op-select word format has been 
defined individually for each of the 14 different operation forms. 

Operation Forms I, Il, and !f! are primarily ALU functions. Forms {t and I!l combine logical or arithmetic shifting 
functions with the ALU result. Form !! can be used for double-precision shifting. Sources, specific ALU function, 


shift format, and destinations are detailed for each op-select word format. 


Forms IV, V, and VI perform either logica! or arithmetic, bidirectional shifting of the single- and double- 
precision buses and registers. 


Form VIi can be used to compare the magnitude of A source to B source, or B source to A source. 
Form VII! provides the capability to logically combine the values of the A and B sources. 


Form |X zeros the 2’ bus with the effect of providing no operation. 
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Forms X through XIV are macroprogrammable operations which provide: 


a. CRC partial! sum update (normally r clocks) 

b. Signed Divide (N + 3 clocks) 

c Unsigned Divide (N + 1 clocks) 

d. N-bit-by-N-bit double-precision unsigned multiply (N clocks) 
e, N-bit-by-N-bit double-precision signed multiply (N clocks) 


The 14 operation forms, symbols, and number of unique Operations are detailed in Table 18. 










OPERATION-SELECT BUS 


"LD WR 
DO SEL(2) 


LS 
aaa 
V7 
XWRLFT 





XWRLFT 
























OVERFLOW OV 'LS481 CCIN cco 'LS481 CCIN 'LS481 CCO 'LS481 CCIN 
COUT «g4g4 'S481 ‘S481 "S481 
Voc POS 2 POS E 3 
por 9 3 IZ gS pop pop x y|o Eg AOP 
LOGICALLY 


GREATER THAN 


ARITHMETICALLY 
GREATER THAN 


EQUAL 





x Y 
CARRY LOOK 





DATA-OUT AODRESS-OUT 


FIGURE 20—TYPICAL 16-BIT PROCESSOR 
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TABLE 18 — OPERATION FORM, COMMAND FORMAT, AND TEST OUTPUTS a 



















OPERATION FORM 


OPERATION 


(tA +B + CIN} > 2’ BUS ONLY2 





COMMAND FORMAT TEST OUTPUTS .-. 


LSP | owsp tC | MSP | somsp. | OMSP 
OP7 OP8 OP9 CIN Lc Y OVFL 6TO 
(11) (15) (16) (38) (21) (20) (37) (37) 


A SOURCE B SOURCE A‘ FNCT |B’ FNCT [L=CARRY|**ZERO[2>ZERO | =’-ZERO | COUT x4 va | OVFL | cco 
LLL=61>8 
LL=AI>A LLH=H’S +B 
LH=HS?A LHL = BI: WR->8 : 
in LHH = WR>B 
shen aan HLL = BI: XWR>B 
: HLH = XWR +B 
| HHL = Bi: PC>B 
HHH = PC +B 
: eS cour x ¥ CO 


oi ae oa - 


Y'#ZERO|L>ZERO [Z'=ZERO | COUT x Y 



























{tA +B + CIN) > REGISTER 


REGISTER 










LL = ’>WR 
LH= Z'> XWR 
HL = Z'+ PC 












(A+B + CIN) & WR, XWR2 


(8 —A— 1) ® WR, XWR 
(A+B+CIN) * REGISTER 



















B’ SOURCE 
LL= BI> 8B’ 
LH= WRB’ 
HL = XWR > B’ 
HH” = L'S + B’ 
REG OR Al 


LL=AlS x 


L H H HL = XWR & XWR 
L RXWR-WR, XWR 

























4 


-1 ~1 


+ 
~ 


£ 








VY AL® 2° BUS 


VA | WR & WR 
VB | XWR & XWR 
vi 


WR, XWR & WR, XWR 








LH = ARITH 
HL = ROTATE 
HH (NOT DEFINED) 


ic (| 







































IONS 
NO OPERATION (ZERO ~ 2’ BUS) 


x CRC ACCUMULATION 
A. START 


ee B’ SOURCE H N1>N2 [N1>N2 =LG Y 
VHA] A:B (N1:N2) (SAME AS FORM | ABOVE) 
vine] e:a(NN2) SCS 
FUNCTION B SOURCE Y#ZERO | Y>ZERO [2 Y 

itA} NOR/AND LOGICAL OPERATIONS LHL = NOR LL=BI~B 

iKB | OR/NAND LOGICAL OPERATIONS LHH = OR LH=WR-B 

sic | EX OR/EX NOR LOGICAL HLL = XOR HL = XWR->B 

L 


L 





x 

X 
a 
Pea 
P= 


SIGNED 
INTEGER 
DIVIDE 
XII 
XIU) } UNSIGNED MULTIPLY 
XIV | SIGNED INTEGER MULTIPLY 





UNSIGNED 
DIVIDE 






DIV OVFL 


= 











DOT SEL (29) 
AO SEL (42) DO2 SEL (30) BI/O SEL (29) CO WR (24) INC MC (35) INCPC (43) CCi (44) POS (19) PIN ASSIGNMENTS 
t MC LL =’ BUS L OUTPUT Lt Al>WR LINC Lt INC LSPL: x 1 OV=MID | at [Bi/o | pop | aop | sit (2") | WRRT (26) CK (45) 
H PC LH WR H INPUT H NOLOAD H_ HOLD H HOLD LSP H: x 2 2.4 V= LSP N 0(LSB) WRLFT (25) Vcc (12) | 

7 U 
HL XWR MID OR MSP 5 V = MSP M 1 XWRRT (28) — GND (36) 
HH = HI-Z L CARRY e 2 XWRLFT (27) 
H NOCARRY R 3 (MSB) 


1. NUMERALS IN PARENTHESIS ARE PIN NUMBERS 5. 01S OUTPUT ON LSP, 1 1S INPUT ON CSP 
2. > DESTINED FOR & SHIFTED AND DESTINED FOR 6. O iS OUTPUT ON MSP, 1 §S INPUT ON MSP 


3. H= HIGH VOLTAGE LEVEL, L = LOW VOLTAGE LEVEL 7, VOLTAGE VALUES ARE NOMINAL 
4. X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS 
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OPERATION FORM | — ADD/SUBTRACT > REGISTER 


Operation Form I ts designed specifically to perform the addition or symmetrial subtraction of two operands. The 
operation form shown in Figure 21, is composed of two distinct capabilities: 





° ) st co 19 Te) ~ 2 = ~ 

a a Qa ar a a 

oe 2 A oe te: a Sy ae 
FORMIA 
FORM IB 

FORM IA: PLUS B PLUS  ALUCIN —= _ »'BUSONLY 

FORM IB: A PLUS B- PLUS ALUCIN —= REGISTER 
A-SOURCE SEL B-SOURCE SEL ACTIVE CARRY REG. DESTINATION SEL 
TIN =H: 
L NO CARRY 
CIN =L: 





CARRY INPUT 


Trrtmrorererwrwier rT 
os Ce ee Sie ee? a ee a a 


L 
L 
L 
L 
H 
H 
H 
H 





om 


. OVFL (MSP) = 

{ndicates that operation in process will cause 

: ALU to overflow. 

ASYNCHRONOUS CONTROLS: 
SEL B [NPUT/OUTPUT* 
SEL DOP SOURCE 
SEL AOP SOURCE 
{INCREMENT PC OR MC 
INHIBIT PC AND/OR MC 
LOAD WR 


2. MAGNITUDE: The » Bus is compared to ZERO, 
Resultant outputs are: 
AG = H (2 Bus Arithmetically > ZERO) 
LG =H ( Bus # ZERO) 
EQ =H (xy BUS = ZERO) 


TS See eee ie oe 
De CORE co et) Omak SARs COST CN eee ROMEO CN eee] an a ls Gd nd 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


ee a Peer Le ae a ee. FS 





*BI/O CAN BE USED AS OUTPUT ———— = 
H=HIGH LEVEL, L=LOW LEVEL 3. C-OUT (MSP) = 


Indicates ALU Carry Out. 


L’ BUS 
- - : > 
FIGURE 21 — FORM I—ARITHMETIC OPERATIONS: A PLUS B PLUS ALUCIN ey 
a. Form IA provides the capability of adding or subtracting two operands and routing the results to the 
»’ bus. Symbolically, this operation can be expressed as: 


PLUS , 
A ae) B PLUS ALUCIN > 2’ BUS 


This form provides the capability of choosing from any one of the A and any one of the B sources list- 
ed in Figure 21 as the operands to accomplish the add/subtract. The example illustrated in Figure 22 
utilizes the !/O capability of the B input/output port. Input data at the A! or B I/O is setup and then 
latched into the ’LS481/’S481 A or B input latch on the negative transition of the 'LS481/’S481 clock. 


During Form IA operations, the contents of the extended working register are not changed and the 
working register may be saved or loaded directly. The program or memory counters under control of 
the asynchronous increment, inhibit, and LSP CCI can be saved or either may be incremented by one 
or two. Sources for the DOP and AOP are also selectable. 
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SINGLE — PORT ; 
REGISTER FILE mudi esen 
(170, 'LS170, OR PROCESSOR 
‘LS670) 
ENABLE 
MEMORY 
DATA 
MEMORY 
TYPICAL CYCLE —————_—__-____»- 
(READ-THEN-WRITE THE SAME REGISTER) 
SYSTEM 
CLOCK 
OPERATION (AA/MA/Y MAAS/YV/Y 
SELECT BUS D5 6..0.0.0,0 Gn 0.050, 050,0,0004 
VWVVVVVV VYIMV/VVVV 
BI/O SEL (INPUT) YXYXKXY), KKK 
VA/DAAAAAASLALAAAASY VV)ASV/YVAV/ 
Bio meM.DATA | XAXKXAXKXAXARMAXX RE WRITE DATAX XX NAX 
YWYVVVYV WVVVVVV 
Al __ RF READ DATA cece o QOXKKXKK 
RF WRITE 
CONTROL 
AIDATA XXX Reno ara XLKKXKKKS 
MAIAIVALVALS IVAN 
(INTERNAL 'S481) 
ROO = IRRELEVANT 
FIGURE 22 — ‘LS481/’S481 OPERATION WITH SINGLE-PORT REGISTER FILE 
The overflow and magnitude status lines are active as enumerated in Figure 21. 
b. Form |B provides the capability of adding or subtracting two operands and routing the results to one 


of the four ‘S481 storage destinations: the working register (WR), the extended working register 

(XWR), the program counter (PC), or the memory counter (MC). Symbolically, this operation can be 
expressed as: 

PLUS 

| MINUS B PLUS ALUCIN > REGISTER 


This form provides the capability of choosing from any one of the A and any one of the B sources 
listed in Figure 21 as the operands to accomplish the add/subtract. 
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3.3 


3.4 


3-38 


OPERATION FORM It — ADD/SUBTRACT WITH DOUBLE-PRECISION SHIFT 


Operation Form II| is designed specifically to perform one of two classical iterations used frequently to implement 
microprogrammed multiply and divide algorithms. This form provides the system designer with the capability of 
selecting a single microinstruction which will complete both the add-and-shift or subtract-and-shift functions in a 
single clock cycle. Available microinstructions are illustrated in Figure 23. Symbolically, Form Il operations can be 
represented as: 


(A PLUS B PLUS ALUCIN) SHIFTED > WR, XWR 
(B MINUS A MINUS 1) SHIFTED > WR, XWR 


Hardwired algorithms for double-precision multiply and divide routines can be selected in operation forms XI, XII, 
XII, or XIV. . 


During Form II operations the status, overflow, and asynchronous controls are the same as described for Form t. 


° - N a) t te) co ~ 2 ) re) 
5 $6 6 6 8 6 &6 6 B 8 6 
FORM IIA H H L H i {A PLUS B) SHIFTED —m WR, XWR 
FORM IIB H (B MINUS A MINUS 1) SHIFTED —™ WR, XWR 





A-SOURCE SEL B-SOURCE SEL ACTIVE —— DIRECTION 









cIN = H ch ae ees, 
(NO CARRY) L LSL (x' BUS, XWR) —» WR, XWR 
H RSL (Z‘ BUS, XWR} — WR, XWR 
CIN=L 

ASYNCHRONOUS *BIVOCANBE CARRY INPUT 
CONTROLS: USED AS OUTPUT 
SEL B INPUT/OUTPUT* 1. OVFL (MSP) = H 
SEL DOB SOURCE Indicates that operation in process will cause ALU to overflow. 
SEL AOB SOURCE | 
INCREMENT PC OR MC ‘ 2. MAGNITUDE: The & Bus is compared to ZERO 
INHIBIT PC AND/OR MC ; Resultant outputs are: 
LOAD WR AG = H (& Bus Arithmetically > ZERO) 


LG = H(z Bus # ZERO) 
EQ = H (2 Bus = ZERO) 


H = HIGH LEVEL, L = LOW LEVEL 


3. C-OUT (MSP) =L 
Indicates ALU Carry Out. 


FIGURE 23 — FORM II—ARITHMETIC WITH DOUBLE-PRECISION SHIFT 
A B 
| 3| PLus | m PLUS CARRY SHIFTED ~WR, XWR 


(MULTIPLY AND DIVIDE SHIFT OPERATIONS WITHOUT AUTOMATIC CONTROL) 
OPERATION FORM Il! — ADD WITH SINGLE-PRECISION SHIFT 
Operation Form iW is a universal microinstruction providing the designers with the capability of performing an 


add-and-shift function in a single clock cycle. Sources and destinations are shown in Figure 24. Also enumerated are 
the shift functions which are selectable as part of the microinstruction. 
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Magnitude and overflow status indicators are active as enumerated in Figure 24. Form Ill can be represented 
symbolically as: 
(A PLUS B PLUS ALUCIN) SHIFTED > XWR, OR MC 
During Form III operation the contents of the working register are not changed unless an asynchronous load is 


selected. If not selected as the destination, the extended working register will be saved. The memory counter can be 
the operand destination, or it and the program counter can be saved, or one can be incremented by one or two on 
selection. Sources for the DOP and AOP are also selectable. 


© - GN oO ho wo ™ CO [op) wo 
a a ioe iow fay Qa a Zz 
Oo 6 6 6 6 Oo Oo oO 6 6 


H H b H[ A | B1 go] c | 01 DO S$ 


{A PLUS B PLUS ALUCIN) SHIFTED REGISTER 


a a 





ee SEL eC eT SEL ACTIVE CARRY mcs ee SEL REG. DESTINATION 
CIN =H: 
NO CARRY 
2’ — XWR 
CIN =L: 


CARRY INPUT 





ASYNCHRONOUS CONTROLS: 
SEL B INPUT/OUTPUT 1. OVFL (MSP) = H Indicates that the shift operation in 
- SEL DOB SOURCE process will cause the selected register to overflow. 
2. “MAGNITUDE: During LSA or RSA, A plus C (N1) is 
INCREMENT PC OR MC compared to B (N2); during the remaining operations, the 
INHIBIT PC AND/OR MC ~ Bus is compared to ZERO. Resultant outputs are: 
LOAD Wa AG = H (N1 ARITHMETICALLY > N2) or (Y BUS 
ARITHMETICALLY > ZERO) 

LG =H(N1 > N2) or (& BUS # ZERO) 

EQ = H (N1 = N2) or (& BUS = ZERO) 
3. COUT (MSP) = L Indicates ALU Carry Out. 


SEL AOB SOURCE 


H = HIGH LEVEL, L = LOW LEVEL 


FIGURE 24 — FORM I!NI—ARITHMETIC WITH SINGLE-PRECISION SHIFT 
(A PLUS B PLUS ALUCIN) SHIFTED ~ XWR OR MC 


OPERATION FORM IV — AI SHIFTED > 2’ BUS 

Operation Form IV is designed specifically for performing a single bit-position logical, arithmetic, or circular shift of 
the data applied at the A input port. This single clock operation can be used to shift information residing in any of the 
external working memory register locations simply by enabling the output capability of the BI/O port and writing the 


shifted word back into the same (or any other selected) memory location. 


Asynchronous controls are the same as described for Operation Form IA, and the magnitude status lines are active 
and overflow is active during left-shift arithmetic (LSA) operation as enumerated in Figure 25. 
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7, 5 § § &§ 6 6 6 6 6 Fb 
H H HH LH H cL est o2 o1 dO 
SHIFT SEL 
1. COUT = GIN 
LSL 2. OVEL (MSP = H) 
ASYNCHRONOUS CONTROLS: RSL 


SEL B INPUT/OUTPUT 
SEL DOB SOURCE 

SEL AOB SOURCE 
INCREMENT PC OR MC 
INHIBIT PC AND/OR MC 
LOAD WR 


H = HIGH LEVEL, L = LOW LEVEL 


a: a 


L 
L 
H 
H 
L 
L 
H 
H 


DPrmlr fF te 


LSA 

RSA 

LCIR 

RCIR 

NOT DEFINED 
NOT DEFINED 





Indicates that LSA operation 
in process will cause shift over- 
flow. For all other operations, 
OVFL=L. 


3. MAGNITUDE: Al is compared 
to ZERO. Resultant outputs are: 


AG =H (Al > ZERO) 


LG = H{Al # ZERO) 
EQ =H (AI = ZERO) 


FIGURE 25 — FORM IV—AI SHIFTED > 2” BUS 





3.6 OPERATION FORM V — SINGLE-LENGTH SHIFT 
Operation Form V performs a single-bit position, logical, arithmetic, or circular shift of either the working register or 
extended working register. Magnitude status indicators are active and overflow is active during left-shift arithmetic 
(LSA) operations as enumerated in Figure 26. Asynchronous controls are the same as described for Operation Form 
IA. 
=) = N Me + Ts) Te) hs 00 op) Fd 
a Qa a a. a a. a a. Qa a — 
O e) e) e) Oo o) e) re) fe) Oo s) 
FORM VA H H H L H H L H D2 D1 DO WR SHIFTED —* WR 
FORM VB H H H L H H H L D2 D1 DO XWR SHIFTED = XWR 
SHIFT SEL 
1. COUT =CIN 
ASYNCHRONOUS CONTROLS Se aes POM artes: 
L L a Ror Indicates that LSA operation in process 
SEL B INPUT/OUTPUT L H L LSA will cause shift overflow. For all other 
SEL DOB SOURCE tL 6H HY RSA operations, OVEL = L. 
H & L LCIR 
SEL AOB SOURCE a eet eee 3. MAGNITUDE: Al is compared to ZERO. 
INCREMENT. PC OF MC Resultant outputs are: 
INHIBIT PC AND/OR MC te * oe NOT BEPINED ; 
: H HH | NOT DEFINED AG = H {Al > ZERO) 
LOAD WR 
LG =H (Al # ZERO) 
H = HIGH LEVEL, L = LOW LEVEL EG cH Ab ZERO} 
FIGURE 26 — FORM V: ih SHIFTED > sas 
= ")xwr XWR 
3-40 


1277 


3.7 


3.8 


3.9 


781 


ASYNCHRONOUS CONTROLS: 


SEL DOB SOURCE 


SN74LS481 
SN74S481 


OPERATION FORM VI — DOUBLE-PRECISION SHIFTS 


Operation Form VI performs a double-precision logical, arithmetic, or circular shift of a double-length word residing 
in the working register and extended working register. Magnitude status indicators are active and overflow is active 
during left-shift arithmetic (LSA) operations as enumerated in Figure 27. Asynchronous controls are the same as 
described for operation form IA. 


=) - ~N o st wn 0) nS co Q Fd 
a a. a a. a. a a a a. a S 
o) @) Oo oO oO © o>) oO o) Oo O 


1. COUT = CIN 








2. OVFL (MSP = H) 
Indicates that LSA operation 


SEL B INPUT/OUTPUT in process will cause shift 





overflow. For all other opera- 


SEL AOB SOURCE ai tions, OVFL=L. 
RCIR 
INCREMENT PC OR MC ; ; 
NOT DEFINED 3. MAGNITUDE: Al is compared 


INHIBIT PC AND/OR MC 
LOAD WR 
H = HIGH LEVEL, L = LOW LEVEL 


Te od a 
A Pe 
oF Dr Ee oe ae 


NOT DEFINED to ZERO. Resultant outputs are: 


AG =H (Al > ZERO) 
LG =H (Al # ZERO) 
EQ = H {Al = ZERO} 


FIGURE 27 — FORM VI-DOUBLE-PRECISION SHIFTS: (WR, XWR)SHIFTED >(WR, XWR) 
OPERATION FORM VII — COMPARE (A:B OR B:A) 


Operation Form VII is designed specifically to provide the system designer with the capability of symmetrically 
comparing either operands A-to-B or operands B-to-A. The operands selectable are enumerated in Figure 28 as the A 
source select or B source select. The carry output, overflow, and magnitude status lines decode and indicate the logical 
and arithmetic relationship of the operands being compared as shown in Figure 28. Asynchronous controls are the 
same as described for Operation Form IA. 


OPERATION FORM VIIl — LOGICAL FUNCTIONS 


The ALU with its carry circuit functionally inactivated in Form VIII operations can be microprogrammed in 
conjunction with the source operands to perform any of the possible combinatorial Boolean functions on two binary 
variables. See Figure 29. Simple transfer functions are performed with the arithmetic operations in Form I, and 
combinatorial transfer and shift operations are available in Form III. 


As with the arithmetic operations, a highly flexible source selection extends performance of single clock combinatorial 
logical operations between two (external) operands applied at the A and B input ports, or combinations of resident 
data in ‘LS481/'S481 registers or counters can be combined logically with another register or external source. The 
specific combinations selectable are enumerated in the following paragraphs. 
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FORM VIIA 
FORM VIIB 








A-SOURCE SEL 


B-SOURCE SEL 
1. COUT =LG 


2. MAGNITUDE: A or B (N1) is compared to B or A (N2), 
respectively. The resultant outputs are: 





AG = H (N1 arithmetically > N2) 
LG =H (N11 logically > N2) 
EQ = H (N1 = N2) 


ASYNCHRONOUS CONTROLS: 


SEL B INPUT/OUTPUT* 
SEL DOB SOURCE 

SEL AOB SOURCE 
INCREMENT PC OR MC 
INHIBIT PC AND/OR MC 
LOAD WR 


3. OVFL (MSP) IS NOT DEFINED. 


Lee fT Lele eC 
ererorFerreitr 


L 
L 
L 
E 
H 
H 
H 
H 





*BI/O CAN BE USED AS 
OUTPUT (z BUS = N1—N2—1) 


H = HIGH LEVEL, L = LOW LEVEL 


FIGURE 28 — FORM VI!I—-COMPARE: 


aD > 





FORM VIIA 
FORM VIIB 
FORM VINIC 


x’——= WR 
t'—=e XWR 
x! =e PC 
x’ ONLY 














ITrriTrtTrTrwreererer 
2 2 oe Lol ee 


*BI/O CAN BE USED AS OUTPUT. 





ASYNCHRONOUS CONTROLS: SEL B INPUT/OUTPUT* 1. OVFL= LOW 
SEL DOBSOURCE 2. COUT =CIN 
SEL AOB SOURCE 3. MAGNITUDE: The & Bus is compared to ZERO. 
INCREMENT PC OR MC Resultant Outputs are: 
INHIBIT PC AND/OR MC AG =H (& Bus Arithmetically > ZERO) 
LG = H (= Bus # ZERO) 
LOAD WR 
EQ = H (¥ Bus = ZERO) 
H = HIGH LEVEL, L = LOW LEVEL 
NOR 
FIGURE 29 — FORM VIII-LOGICAL OPERATIONS: A} OR B— REGISTER 
X-OR 
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3.9.1 NOR/AND Logical Operations 


Operation Form VIIIA can be used to perform the NOR or AND logical combination of two selectable operands and 
route the results to one of four destinations. The operation microcode is: 


FORM VIIA 





SEL A SOURCE SEL B SOURCE DESTINATION 
L=Al L= TRUE LL=BI L= TRUE LL=WR 
H=WR H=COMP LH =WR H = COMP LH = XWR 

HL = XWR HL =PC 
HH = PC HH = ’-BUS 


H=HIGH LEVEL, L=LOW LEVEL 





As shown above, the A and B sources are selectable by the Al, B1, and B2 bits in their true or complementary form 
(bits AO, BO) to facilitate performing the NOR, mixed NOR/AND, and the AND functions. As implemented, see 
Figure 30, the NOR function is performed when the sources are both true, mixed NOR/AND functions are performed 
with one source complemented, and the AND function is performed when both sources are selected in their 


complement form. Both implementation and other/equal logic symbols are shown in Figure 30. Also provided are the 
function tables and Boolean equations. 


SELECTIONS AVAILABLE 


B = COMP A and B = COMP 


. A 
IMPLEMENTATION B z! 
B 8 B 


FUNCTION TABLES 


(H = HIGH LEVEL, 
t = LOW LEVEL) 


OTHER OR 
EQUAL SYMBOLS 


BOOLEAN FUNCTIONS 





FIGURE 30 — FORM ViIIA NOR/AND LOGICAL OPERATIONS 
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3.9.2 OR/NAND Logical Operations 


Operation Form VIIIB can be used to perform the OR or NAND logical combination of two selectable operands and 
route the results to one of four destinations. The operation microcode is: 


© 
oO. 
O 


FORM VIIIB 





A SOURCE 


SEL SEL’ B SOURCE DESTINATION 
L=Al L=TRUE LL =BI L = TRUE LL =WR 
H=WR H=COMP LH = WR H = COMP LH = XWR 
HL = XWR HL = PC 
HH = PC HH = ©/BUS 


H=HIGH LEVEL, L=LOW LEVEL 


As shown above, the A and B sources are selectable by the A1, B1, and B2 bits in their true or complementary form 
(bits AO, BO) to facilitate performing the OR, mixed OR/NAND, and the NAND functions. As implemented, see 
Figure 31, the OR function is performed when the sources are both true, mixed OR/NAND functions are performed 
with one source complemented, and the NAND function is performed when both sources are selected in their 
complement form. Both implementation and other/equal logic symbols are shown in Figure 31. Also provided are the 
function tables and Boolean equations. 


SELECTIONS AVAILABLE 


IMPLEMENTATION 


FUNCTION TABLES 
(H = HIGH LEVEL, 
L = LOW LEVEL) 


OTHER OR 
EQUAL SYMBOLS 


BOOLEAN FUNCTIONS 





FIGURE 31 — FORM VIIIB OR/NAND LOGICAL OPERATIONS 
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3.9.3 Exclusive-OR/Exclusive-NOR Logical Operations 


Operation Form VIIIC can be used to perform the exclusive-OR/exclusive-NOR logical combination of two selectable 
operands and route the results to one of four destinations. The operation microcode is: 


>) - N oe) + © Te) ms ron) LO F 
a ja oa a. a. Qa a ja Q. o. nae 
Oo © Oo oO oO oO © Oo oO O O 


FORM VIIIC 








SEL A SOURCE SEL B SOURCE DESTINATION 
L=Al L = TRUE LL =BI L= TRUE LL=WR ~ 
H=WR H = COMP LH =WR H = COMP tH =XWR 
HL = XWR HL =PC 
HH = PC HH = »/-BUS 





H = HIGH LEVEL, L= LOWLEVEL 


As shown above, the A and B sources are selectable by the Ai, B1, and B2 bits in their true or complementary form 
(bits AO, BO) to facilitate both exclusive-OR and exclusive-NOR operations. As implemented, see Figure 32, the 
exclusive-NOR function is performed when the sources are both true or both complemented. When either the A or the 
B source (not both) are complemented, the exclusive-OR function is performed. Both implementation and 
other/equal logic symbols are shown in Figure 32. Also provided are the function tables and Boolean equations. 


IMPLEMENTATION 


FUNCTION TABLES 
{H = HIGH LEVEL, 
L = LOW LEVEL) 


OP8 =H, OP9=L OP8=L, OP9 =H 


EQUAL OR 
OTHER SYMBOLS 


BOOLEAN FUNCTIONS 





FIGURE 32—FORM VIIIC EXCLUSIVE-OR/EXCLUSIVE-NOR OPERATIONS 
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3.10 OPERATION FORM !X — NO OP 
Operation Form IX is designed specifically to 2 ~ N 0 t 0 0 ~ 00 oD > 
clear the &’ bus force AG and LG low, and re) fe) oO fe) O Oo fs) fe) o) O s) 
force EQ high; and, during this operation 
form data in the ‘LS481/'S481 registers, HH HH HH, xX, xX =X, X XxX ~~, X 


counters and latches remain unchanged unless 
directed to do otherwise by the asynchronous 
control inputs as shown in Figure 33. 


The memory or program counter can be 
incremented (by one or two) on each clock 
transition, or the working register can be 
loaded on each clock. Additionally, the B 
input/output can be specified, as well as 
sources for the address or data out ports. 
States of the carry and overflow outputs are 
not interrupted. 


H = HIGH LEVEL, L = LOW LEVEL, X = IRRELEVANT 


ASYNCHRONOUS CONTROLS: 


SEL B INPUT/OUTPUT 

SEL DOB SOURCE AG = ZERO 
SEL AOB SOURCE 
INCREMENT PC OR MC 
INHIBIT PC AND/OR MC 
LOAD WR 


LG = ZERO 
EQ = HIGH 


FIGURE 33 — FORM I[X—NO OPERATION: ZERO ©’ BUS 


3.11 OPERATION FORM X — CYCLIC REDUNDANCY CHARACTER ACCUMULATION 


Operation Form X is a macroinstruction which can be used to update a 16-bit cyclic redundancy character (CRC) 
partial sum in eight clock cycles, assuming 8-bit data characters. The updated CRC partial sum resides in the working 
register. The flow diagram of this algorithm is illustrated in Figure 34. 


FORM X OPERATION 











CRC PARTIAL SUM IN WR 
CRC POLYNOMIAL IN Al 
DATA CHARACTER IN XWR (RIGHT HALF} 


Ne ee ed 


oPpo 
oP! 
CIN 


CRC ITERATE 
(8 CLOCKS} 


= 

x 

x |or2 
x= | OP3 
- JOP4 
- LOPS 
rm 1OP6 
- LOP7 
— 1OP8 
x J OP9* 


"= HIGH LEVEL, L = LOW LEVEL 
* INITIAL LEVEL 


LSP 
XWRO @® WRO 
=H 
? 







Al © WR RIGHT 
CIRCULATE -»WR 
H -—» &’ SHIFT 
LEFT INPUT 





WR RIGHT CIRCULATE 
WR : 
L—WR LEFT INPUT 








XWR RIGHT CIRCULATE 
~~ XWR 


UPDATED CRC PARTIAL SUM IN WR 


FIGURE 34 — CYCLIC REDUNDANCY CHARACTER ACCUMULATION 


3-46 781 


3.12 


3.13 


3.14 


1277 


SN74LS481 
SN74S481 


Setup conditions include the existence or placement of the previous CRC partial sum in the working register, the CRC 
polynomial at the A input port, and the data character in the eight least significant bits of the extended working 
register. All decisions after setup are decoded on chip for each of the eight iterations. Microcontro! open-collector 
output OP9 of the LSP assumes control during the iterations to generate one of two microinstructions requires to 
accomplish the CRC update. 


OPERATION FORM X]1 — SIGNED INTEGER DIVIDE 


Operation Form XI consists of the micro/macroinstructions needed to perform the signed division of a double length 
dividend by an N-bit divisor in N + 3 clock times. After the division routine the quotient will reside in the extended 
working register (XWR) and the remainder will be in the working register (WR). Negative results are in two’s 
complement. The flow diagram of this algorithm is illustrated in Figure 35. 


Setup conditions include the existence or placement of the double Jength dividend in the WR, XWR and application 
of the divisor at the A input port. To obtain a legitimate result, the divisor must not be arithmetically zero as 
indicated during the start command by the EQ output being low. The dividend must be of a nature that it could be 
generated by a signed multiply and add operation on the divisor. Status outputs LG, AG, C OUT and OV are 
undefined, as is EQ after the start command. 


After setup, all decisions are decoded on chip for start, iterate, iteration finish, fix remainder, and adjust quotient. 
The iterate macroinstruction (Form XIB) internally decodes the status of the stored signs, carry out, and working 
register and the OP8 and OP9 microcontrol open-collector outputs of the MSP assume control generating one of four 
microinstructions required to accomplish the signed divide. 


OPERATION FORM XII — UNSIGNED DIVIDE 


Operation Form XII consists of micro/macroinstructions needed to perform the unsigned division of a double length 
dividend by an N-bit divisor in N + 1 clock times. After the division routine the binary magnitude quotient will reside 
in the extended working register (XWR) and the binary magnitude remainder will be in the working register (WR). 
The flow diagram of this algorithm is illustrated in Figure 36. 


Setup conditions include the existence or placement of the double length dividend in the WR, XWR; application of 
the divisor at the A input port and that the last operation was not a divide command. To obtain a legitimate result, 
the N-bit divisor must be logically greater than the most-significant N-bits resident in the working register. A-input 
data compared to working register (Al:WR) prior to the unsigned divide can be used to obtain validity to start by 
asserting LG true. 


After setup, all decisions are decoded on chip for start, iterate and finish. The iterate macroinstruction (Form X1!IB) 
internally decodes the status of COUT or FORCE LOAD FLAG and the OP9 microcontro! open-collector output of 
the MSP assumes control generating one of two microinstructions required to accomplish the unsigned divide. 


OPERATION FORM XII — UNSIGNED MULTIPLY 


Operation Form XII! consists of a macroinstruction which performs the unsigned multiplication of two N-bit words in 
N clock times. After the multiply routine the double length product is residing in the working register 
(most-significant N-bits) and the extended working register (least-significant N-bits). The flow diagram of this 
algorithm is illustrated in Figure 37. 


Setup conditions include clearing the working register to all zeros, loading (not shifting) the multiplier into the 
extended working register, and applying the multiplicand at the A input port. Arithmetic shift commands must not 
occur between multiplier load and the first iteration. Status outputs (EQ, AG, LG, C OUT and OV) are undefined 
during this algorithm. 
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DIVIDEND IN WR, XWR; 

DIVISOR IN Al; 

Al #0; DIVIDEND !S SUCH THAT IT COULD 
BE GENERATED BY A SIGNED MULTIPLY 
AND ADD OPERATION ON THE DIVISOR. 


START-FORM XIA 
{1 CLOCK) 


WR, XWR LEFT LOGICAL 


AI PLUS 0 — r’ 
SAVE WR SIGN 
SAVE SIGNS-DIFFERENT 
FLAG 





2 ITERATE-FORM XIB 
) (N-1 CLOCKS) 
H 


YES NO WR PLUS Al 
WR PLUS Al -=r ee 
(OP8) (OP8) PLUS 1 & 


























x, XWR LEFT LOGICAL 
—~- WR, XWR 
XWRRT = 1 


WR, XWR LEFT 
LOGICAL —WR, XWR 
XWRRT = 0 


COUT 
@ 






WR SIGN 
=4 





i2 ITERATION FINISH-FORMXIC 
Oo (1 CLOCK) 
H 











WR PLUS Al 


WR PLUS Al — & PLUS 1 = 






















= WR (COUT 
XWR LEFT LOGICAL ©WR SIGN) XWR LEFT LOGICAL 
—= XWR ——XWR 
XWRRT = 1 XWRRT = 0 


FIGURE 35 — FORM X!—SIGNED INTEGER DIVIDE (SHEET 1 OF 2) 
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FIX REMAINDER — FORM XID 


LOCK 
eee 


WR plus Al 
plus 1—> > 






WR plus Al 
mae 












=> WR 
17 R FIXED FLAG 









O-— R FIXED FLAG 





ADJUST QUOTIENT — FORM XIE 
(1 CLOCK) 









XWR plus 1 
— XWR 





XWR plus 1 
> XWR 


XWR plus O 
— XWR 


XWR plus 0 
~~ XWR 









REMAINDER IN WR 
QUOTIENT IN XWR 





FIGURE 35 — FORM XI—SIGNED INTEGER DIVIDE (SHEET 2 OF 2) 
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SN74S481 
DIVIDEND IN WR, XWR 
DIVISOR IN AI: 
DIVISOR MUST BE LOGICALLY GREATER 
THAN WR FOR LEGITIMATE RESULT. 
Orsgmreses wp oneoeece2 START (FORM XII A) 
O0O0O0O0O0O0o00C C0 © (1 CLOCK) 
HHH HL LELLLHAL 
H = HIGH LEVEL 
L = LOW LEVEL 





WR, XWR LEFT 
LOGICAL - WR, 
XWR 











CLEAR 
FORCE LOAD 
FLAG 






SET 
FORCE LOAD 
FLAG 








TO UNSIGNED 
DIVIDE INTERATE 


FIGURE 36 — FORM XII—UNSIGNED DIVIDE (SHEET 1 OF 2) 
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SN74S481 
: ITERATE (FORM XII B) 
Or nO TH OH DO DIZ — (N-1 CLOCKS) 
5§ $8 $8555 8 Wihelee A 
plus 1—> £ 
HHHH LELLLHHHE 
H = HIGH LEVEL, LOW = LOW LEVEL 
+ INITIAL LEVEL 
5, XWR LEFT LOGICAL COUT WR, XWR LEFT LOGICAL 
YES OR FORCE NO 
+ WR, XWR ae + WR, XWR 
XWRAT = 1 (OP9) “4 (OPQ) XWRRT =0 
? 
NO YES 
SET CLEAR 
FORCE LOAD FORCE LOAD 
FLAG FLAG 
FINISH (FORM XII C) 
see Ee ESE EE (1 CLOCK) 
o 2 WR plus Al 
H H L bE LH LH plus 11> = 
COUT 
XWR LEFT LOGICAL OR FORCE NO XWR LEFT LOGICAL 
+ XWR LOAD FLAG ‘ope SCAN 
XWRRT =1 =1 XWRRT = 0 
? 
QUOTIENT IN XWR 
REMAINDER IN WR 
FIGURE 36 — FORM XII—UNSIGNED DIVIDE (SHEET 2 OF 2) 
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SN74S481 
ZEROS {NWR 
MULTIPLIER IN XWR 
MULTIPLICAND IN Al 
* 

2 oe ee ee ae ee ITERATE 

9000000 0 0 0 iy (N CLOCKS) 

H H H H L L H LE LH H 


H = HIGH LEVEL, L = LOW LEVEL, * INITIAL LEVEL 


WR plus Al > 2 WR plus Al > & 
x, XWR right logical WR, XWR right logical 
— WR, XWR + WR, XWR 





3.15 
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PRODUCT IS IN WR, XWR 


FIGURE 37 — FORM Xtli—UNSIGNED MULTIPLY 


The iterate macroinstruction internally decodes the status of the XWR LSB and the OP9 microcontrol open-collector 
output of the MSP assumes control generating one of two microinstructions required to accomplish the unsigned 
multiply. 


OPERATION FORM XIV — SIGNED INTEGER MULTIPLY 


Operation Form XIV consists of a macroinstruction which performs the signed multiplication of two N-bit signed 
integers in N clock times. After the multiply routine, the double precision signed product resides in the working 
register (most-significant N-bits) and the extended working register (least-significant N-bits). Negative products are in 
two’s complement. The flow diagram of this algorithm is illustrated in Figure 38. 


Setup conditions include clearing the working register to all zeros, loading (not shifting) the multiplier into the 
extended working register, and applying the multiplicand at the A input port. Arithmetic shifts must not occur 
between multiplier load and the first iteration. Status outputs (EO, AG, LG, C-OUT, and OV) are undefined during 
this algorithm. | 


The iterate macroinstruction internally decodes the status of the multiplier (XWR) sign-bit flag, the multiplier LSB, 


and the multiplier LSB flag and the OP8 and OP9 microcontrol open-collector outputs of the MSP assume control! 
generating one of four microinstructions required to accomplish the signed multiply. 
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ZEROS IN WR 
MULTIPLIER IN XWR 
MULTIPLICAND IN Al 









CLEAR 
XWR LSB TEST 
FLAG 










SET 
XWR NEGATIVE 
FLAG 


CLEAR 
XWR NEGATIVE 
FLAG 






SIGNED MULTIPLY 
ITERATE (N CLOCKS) 


x, XWR Right Arithmetic 
—>WR, XWR 


* 









WR plus Al 
plus 1-+ 2 






WR, XWR 
right arithmetic >WR, XWR 


YES YES SET 
XWR LSB TEST 
FLAG 


NO NO 










( \ PRODUCT IS IN WR, XWR 


FIGURE 38 — FORM XIV—SIGNED INTEGER MULTIPLY 
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4, SPECIFICATIONS 
TABLE 19 — SN74LS481/SN74S481 RECOMMENDED OPERATING CONDITIONS 


SN74LS481 SN74S481 
rMIN NOM MAX |~~" 














Supply voltage, Vcc 4.75 5 5.25 


High-level output voltage at EQ, OP8, OPO; Vo 
AOP, BI/O, DOP, CCO/OV, COUT 


4.75 5 5.25 Vv 


Low-level output current, IOL 


WRLFT, WRRT, XWRLFT, XWRRT 
X/LG, Y/AG 


Peeper i BI/O, DOP 
-level output current, 
ign=e P OH All other outputs or I/O except EQ, OP8, OP9 


High logic level 
Width of clock pulse, tw : 
. Low logic level 
Clock frequency 
Al, BI/O Latch 
Al—>WR 
Al, BI/O > ALU > MPC, PC, WR, XWR 


EQ, OP8, OPS ~ 
mA 
7 
—20t 
0 
WRLFET, WRRT, XWRLFT, XWRRT 0 


Tt) The arrow indicates the transition of the clock input used for reference; t for the low-to-high transition, | for the high-to-low transition. 


TABLE 20 — SN74S481 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING 
FREE-AIR TEMPERATURE RANGE (UNLESS OTHERWISE NOTED) 
PARAMETER 


SN74LS481 4S48 
TEST CONDITIONST a : 
MIN TYP* MAX|MIN TYP* MAX 
2.7 3.4 


NO 

<_ 
OQ/O/3 |; 
oO };}o ol NO 
a Se a 


NO 
oO 
— 
Ql 


CCI, INCMC, INCPC, LDWR 4 
OPO thru OPS 


Setup time, toy t 


_ 


a oo 
oO ro) 
> > 


=_> 
© 
o) 
> 


WRLFT, WRRT, XWRLFT, XWRRT 


’ 


Al, BI/O > Latch 


4 






= Lo) 
(=) ol 
> > 
=a ia/p]iA 
OoO;}oO};]c1oO 
— je lols 


Al, B1/O + ALU > MC, PC, WR, XWR 
Hold time, th CCI, INCMC, INCPC, LDWR 


—20t 


SEI, INGMG 0 
50 
| WRLFT,WRRT,XWRLFT, XWRRT_ 

‘ 5 

Al 

i, INGMG 0 


—_ 
(ora Ce) oO 
ol |> > 
| 
oT 
_> 


OPO thru OPS 


t 
t 
t 
t 


~J 
oO 










Cc 
= 
+ 











Vik Input clamp voltage Vec=MIN, lj=-18 mA 
Any |/O or output Vec=MIN, Vin=2 V, 
VoOH High-level output voltage ¥ ue ce 1H 
except EQ, OP8, OP9 V}L=0.8 V, loH=MAX 
Vec=MIN, Vipy=2 V, 
VoL Low-level output voltage cc IH 
ViL=0.8 V, IgL=MAX 


ToH High-level output current [ EQ, OP8, OPS VcceMAX,Vo=5.5V | ss‘ | 
"Input current at maximum] POS ——~S~S~w c= MAX Vice | : 
| Input voltage Veo“MAXVir55V | tO 


OPO, OP1, OP2, OP3, CIN Pp 200 200 
High-level input t Vec=MAX, V}=2.7 V 
ae eat Any other (see Note 1) oa P00 S00 a | 


WRRT,WRLFT,XWRRT, | ogy 
XWRLFT, CLOCK oe ee Bias 


mA 
| a) 
Short-circuit Any output or I/O VareMAX 30 166 
OS output current except EQ, OP8, OP9 ce ~ 
lcc Supply current Vcc=MAX 220 325 380 425 


T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+ all typical values are at Voc = 5 V, Ta = 25°C, 

8 Not more than one output should be shorted at a time. 

NOTE 1: For POS input value see Table 3 on page 3-10, 


2.7 3.4 









NL = Low-level input current 
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TABLE 21 
SN74S481 SWITCHING CHARACTERISTICS (OVER OPERATING RANGE OF Vcc AND Ta) 
OPERATION 


SN74LS481 | SN74S481 
PARAMETER FROM (INPUT) TO (OUTPUT) ROUTING 


TYP MAX | 
LATCH ALU, DOP | 5 
X,Y, LATCH > ALU 
COUT LATCH > ALU 
tpp AL, BI/O | LATCH > ALU 
LATCH > ALU 
; LATCH > ALU 
WRLFT, WRRT, XWRLFT, XWRRT | LATCH > ALU 
WRLFT, WRAT, XWRLFT, XWRAT 
OPO thru OP9 


6 

40 
35 
3 

[99 [Ar 0 

| tpp CIN, COUT 


tPD 
tpp CCl C 
tPD 
B ' 
tPD 
tp 






Cc 
= 
+ 










80 
60 
55 





< 


G) 
[—~ 
0) 


7 105 


oO 
oO 
fee) 
on 









—_, 
—_ 
oO 


QO 
oO 
Cc 
aa 


2 65 
2 50 
5 45 
0 80 
7 120 

75 120 0 85 
55 75 
0 90 

5 
70 95 


4 
3 
3 
6 
6 
6 
7 


: | 5580 | 
75120 | 55 75 | 
75 | 6090 


100150 | 75 110_ 
90 130 | 70 95 | 


< 


2 3 sis] ig 13/218 
on n@) ra) < 

~ 

Q) 






LATCH ALU 





NJ 

oO 
Ww 
“J 
fe?) 
oO 


on 

on 

— —_ 
ASR ois fe NO 
omk@) ojo (=) 





NO 
(>) 


tPpxz 1/0 SEL or DO, D1} BI/O or DOP 


OPO thru OP9 WRLFT, WRRT, XWRLFT, XWRRT 


BI/O SEL or DO, D1] BI/O or DOP 
OPO thru OP9 WRLFT,WRRT, XWRLFT, XWRRT 


AOP, DOP NO SHIFT 
WRLFT, WRRT, XWRLFT, XWRRT | [WR, XWR, [BUS] 50 
AOP, DOP SHIFTED 
CLOCK — 
CCO 
OP8, OP9 


ee 


tpp Propagation delay 

tpxz Disable time to Hi-Z 

tpz2x = Enable time (Hi-Z-to-Enable) 

For load circult and waveforms, see page 1-12, 


60 45 


NO 
io) 
w 
O 
oO 
oO 


NO 
fo) 
oa 
oO 


w 
a 
Ww 
Oo 
> 
on 


oO 
Bo 
162) 
oO 
Oo 


~ 





J 


o wp dS 

© ol] © 

fe] oro 

ol ol] © 
ALD IN io hIN 
ois jor s/o O;o 

Qa jf I~ OD} 
o1 yor {Oo 1O oO};O 


aS 
Qo 
~ 
oa 





«(g/g 

< Cc 

+ 
oOo 
a 
eo 
© 
> 
N) 
Qo 
o 


ae 
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SN74S481 
twH 
aad twL 
3V 
Oe 15 V 15V 15V 15V 15 V 


OPO THRU OP9 cae yet ern, oo 
INPUTS een eee oh On (a = ee 


OP8, OP9 (MSP) 
OUTPUTS 


Al 
INPUTS 





BI/O 
INPUTS/ = (OUTPUT) 1.5 VioytpuT) LL INPUT) 415 V Gnpyz) 15 V7 TO REGISTER l= 15 V 


OUTPUTS (INPUT) 0 | eee - —-- VoL 
—| -K— tPZX ia }~- | | 


BI/O SEL 
INPUT 


LDWR, INCMC 
INCPC INPUTS 


CIN 


COUT 


EQ, OV, 
Y/AG, X/LG 
OUTPUTS 


ccl 


ccd 
OUTPUTS 


| 

-WRLFT, WRRT, Lt r ae cpa 7 — —VOH 
XWRLFT; XWRRT | z t= 7 + pie 
INPUTS/OUTPUTS llosy 








DO, D1 

INPUTS 

DOP 15V 15V 

OUTPUTS =F! LIN. 7 aid 15V k £ 1.5V \ i Sel 
0.5 V ae | a ey | as 


— i  _— =m ooewes «=== =empeem === ames" sum = — = 


AO \iisv = 

INPUT OV 
AOP Vy eS TO 
OUTPUTS 15 V 15 V VoL 


NOTE: Input pulses are supplied by a generator having the following characteristics: 
tp<5ns, tp<5ns, PRR 2>1MHz, ZOUT ~5022 
A0001385 


FIGURE 39 — SWITCHING-TIME VOLTAGE WAVEFORMS 
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D2112, MARCH 1976 — REVISED OCTOBER 1980 





e 4-Bit Slice is Cascadable to N-Bits SN54S482 .. . J PACKAGE 

e Designed Specifically for Microcontroller/ one NaS HN PACKAGE 
Next-Address Generator Functions 

e Increment/Decrement by One (Immediate or 
Direct Symbolic Addressing Modes) 

e Offset, Vector, or Branch (Indexed or Relative 
Addressing Modes) 

e Store Up to Four Returns or Links (Program 
Return Address from Subroutine) 

e Program Start or Initialize (Return to Zero 


SEL INPUTS OUTPUTS 
CK $5 S6 CLR’ FO Fi F2 


or Clear Mode) 

e On-Chip Edge-Triggered Output Register 
(Provides Steady-State Micro-Address/ G83, Gout Cin ,St 82, |A3. AZ Aly GND 
Instruction) SEL INPUTS SEL INPUTS INPUTS 





¢ High-Density 20-Pin Dual-in-Line Package 


with 300-Mil Row Pin Spacing 





These devices are also available in chip carriers, See 
Product Guide, Section 7, for pin assignments. 


description 


The ’S482 is a high-performance Schottky TTL 4-bit-slice control element for use in any computer/control application 
requiring the coupling of high-performance bipolar speeds with the flexibility of microprogram control and bit-slice 
expandability. When used as a next-address generator, two ‘S482 elements can address up to 256 words of 
microprogram; three elements can address up to 4096 words of microprogram; or a number of 'S482 elements can 
generate N words in multiples of four lines. 


Comprised of an output register, push-pop stack, and a full adder, the ‘S482 provides the capability to implement 


multiway testing needed to generate or to determine and select the source of the next function of microprogram 
address. 


functional block diagram 


CARRY INPUT : CLOCK CLEAR 



















DATA ‘ CLR 
IN 
4BIT DATA 

REGISTER '! OUT 

CK 

wd 

9 __PUSH/POP __ 

2 _ STACK 

5 (FILO) 

$1 $2 S3 S4 $5 S6 
679 
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output register and source functions 


The 4-bit edge-triggered register provides a steady-state output throughout each system clock cycle. An asynchronous 
clear extends the multiway testing to directly implement system initialization at ROM address zero. 


Two source-select lines (S5, S6) provide the output register with access to either the current instruction (no change), 
an operand or address stored in the push-pop stack, the output of a four-function full adder, or a direct data-in address 
port. The sources and functions are summarized in Table | and II. 


In bus applications, provision must be made to control negative spikes. When low, the output latches can be disturbed 
if the outputs are forced more negative than —0.5 V. re 


TABLE |. REGISTER-SOURCE FUNCTIONS 


STS 
REGISTER INPUT SOURCE 


ss DATA-IN PORT (Di) 

‘H = | FULL ADDER OUTPUTS (zi) 

L | PUSH-POP STACK OUTPUTS (Qi) 
H | REGISTER OUTPUTS (HOLD) 


ss 
L 
H 
H 





H = high level, L = low level 


TABLE 11. PUSH-POP STACK CONTROL AND REGISTER-SOURCE FUNCTIONS 


INTERNAL | OUTPUTS 
[32 [s+] ss] ss [cLock [eLeaR 















HOLD Deepa e ) ce] oan) eo 

cuean xxx x 

PUSH-POP 

STACK 

“HOLD” 

PUSH-POP 

STACK 

“LOAD” 

PUSH-POP 

STACK 

“POP” 

PUSH-POP 

STACK 

“PUSH” 

MSB LSB Fi = Device outputs 
i=3, 2, 1, 90 FiO =the level of Fi before the indicated input 
Ai = Data inputs conditions were established. 
QiA = Push-pop stack word A output (internal) Li = Adder outputs (internal) 
QiAO =the ‘evel of Qi before the indicated *QiB, QiC, QiD do not change 
inputs conditions were established. Taipo > Qid, AibO > Qic, AiCO — AiB, QiBO > AIA 
faiao— QiB, QiBO > Aic, Aico > aAiD 
781 
3-58 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


TYPES SN54S482, SN74S482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 





push-pop stack control 


The 4-word push-pop stack can be used for nesting up to four levels of program or return (link) addresses. In the load 
mode, the first (top) word is filled with new data from the output of the full adder, and no push occurs meaning that 
previous data at that location is lost. However, all other word locations in the push-pop stack remain unchanged. In the 
push mode, the new word is again entered in the first (top) location; however, previous data residing in the top three 
words are pushed down one word location and retained at their new locations. The bottom word is written over and 
lost. 


In the pop mode, words in the push-pop stack move up one location on each clock transition. A unique function is 
provided by the bottom (fourth) register as its content is retained during the pop mode, and after 3 clock transitions, 
all words in the stack are filled with the operand/address ‘that occupied the bottom register. 


The operand/address will remain available indefinitely if stack functions are limited to the pop or hold modes. 


The push-pop stack functions are shown in Tables II and III. 


TABLE ttl. PUSH-POP STACK FUNCTIONS 


| ioe | 
<< 














t 


INPUT/ 
| sa | OUTPUT 
Es porn 
{ 
< < < 
H | ico | aiso | aiao | x; BUEN 
‘i “¥)—> > > > 
BIT 2 oie 
aino | oipo | aico | aipo | GiAOUT 


link operations show previous data location after clock transition, 






full adder 


The four-function full adder is controllable from select inputs $1 and S2 to perform: 
A or B incrementation, or decrementation of B 
Unconditional jumps or relative offsets 
No change 


Return to zero or one 


Incrementation can be implemented by forcing a carry (high) into the ALU. In this mode either of the following options 


are possible: 
1. Increment (A plus zero plus carry) 
2. Increment B (zero plus B plus carry), or decrement B (all highs at A then A plus B with carry input low and 


disregard, don’t use, carry out) 


3. Increment the jump or offset (A plus B plus carry) 
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full adder (continued) 


4, Start at zero or one and increment on each clock (select zero plus zero plus carry, then select zero plus B 
plus carry), or set register to N and decrement B (see 2 above). 


5, No change (carry input is always active and removal of carry combined with either the ALU or register hold 
mode will retain the current address). 


Unconditional jumps can be implemented by applying and selecting the jump directly from the data inputs to the 
output register. Offset can be accomplished by summing the output register with the offset magnitude (A plus B) with 
carry low. . 


The ALU functions are shown in Table IV. 


TABLE tV. ADDRESS CONTROL FUNCTIONS 


INPUTS INTERNAL 
zi 


st [se 
Tw [A OPLUSOPLUSGin 
ee 






L O PLUS Bi PLUS C-in 
| H | Ai PLUS OPLUS C-in 


L Ai PLUS Bi PLUS C-in 





compound generator functions 


As the function-select lines of the register sources, push-pop stack, and adder are independent, compound functions can 
be selected to occur on the next clock transition. 


Subroutine branches and returns can be simplified by saving the return or link addresses in the push-pop stack. This 
branch-and-save function can be accomplished on the same clock time as follows: 


DATA-IN ADDER PUSH-POP STACK REGISTER SOURCE 
Branch address Zero plus B plus one Push Data-in 
(S1 =H, S2 = L) (S3 = $4 =H) (S5 = S6 = L) 


Up to four branches can be made with the return stored in the 4-word push-pop stack. 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


supply voltage; Vag (see Note?) ao ae Se ww PS ee ee ew TV 
INDUEVOITaGe . 3, é a. a we Ue a aoa ks eo A Oa a es a ee SE SV 
Off-state output voltage 2. ww wk ee ee . 5.5V 
Operating free-air temperature range: SN54S482.. . . . . . . ww ee ee we ee = 55°C to 125°C 

SN74S482) tn. Sd Sw eR a a OO 1070 
Storage temperature range. . . 2. 2. 1 ee ee ee ee ee ee ee ee ee ee 65°C to 150°C 


NOTE 1. All voltage values are with respect to network ground terminal. 
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recommended operating conditions 
amare Pano NON 
PARAMETER UNIT 
iN NOM MAX [MIN NOM _MAX 
Suppivvoress Veo SSCSC~C“—~sC—‘“‘—C~*~*~S*SCS SBCA 
Any F output 
Low-level output current, IOL 
or 
361 
-in vi 25t 





| 
> 





High-level output current, loy 







pay 
=> 
, 
NY 
w 
O}oO 
>} 
| 
N 
3 
> 


NO 
© 
- 


Data-in via adder to output latch 
$1, $2 


Setup time, toy 


w 
Oo 
=> 


$3, S4 2 


i 
—>|—> 


Pulse width, ty Clear (low) 
Ww 


Clock input rise time, ty 


|Clockinputrisetime te 2 
| 10 
paeoeen 


, 
t 
t 
ee 


t The arrow indicates that the rising edge of the clock pulse is used for reference, 





Ot 
Ot 
0 
5 
1 t 
1 










no | — 
~>|> 


NO 
| 
= 
° 
‘?) 


~ 
© 





electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SN54S482 N74S482 
PARAMETER TEST CONDITIONST > 
MIN TYP MAX | MIN TYP# MAX 


Vin Highevel input voltage erates 
Vi____ Low-level input voltage [ee ee 
ViK Input clamp voltage Vec =MIN, Il} =-—18mA 


V = MIN, V =9 V, 
VoH High-level output voltage CC 1H 
ViL=08 V, loH = MAX 
Vv = MIN, V =2V, 
VoL _ Low-level output voltage CC 1H 
Vit = 0.8 V, lor = MAX 






| 
— 
N 


4 












ly Input current at maximum input voltage Vcc = MAX, Vp =55V ae 7 
“S1, 82, Cin a 





High-level 


$3, $4, S5, S6, clock 


NO 
oa 


| 
3 
> 


input current ra] 


V = MAX, Vi=2.7V 
ee 


ya 





Low-level 


esl 
—1.2 
i ia A | EA 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
fAIl typical values are at Vcc = 5 V, Ta = 25 C. 
Not more than one output should be shorted at a time, 


input current 


| 





2.7 3 
-40 —110 
90 140 





BB 
> 


mA 
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switching characteristics over recommended operating ranges of Ta and Vcc (unless otherwise noted) 


t 
ee | ee 
tPHL 


TO 
CLEAR DATA OUT 


PLA CARRY IN | CARRY OUT 
tPHL 
; , 

SiG iRY Ls ARAB OGUY 
tPHL 


All typical values are at Voc = 5 V, Ta = 25°C. 


SN74S482 
MIN TYP# MAX 


SN54S482 
MIN TYPt MAX 










Ci_=15pF, 
Ri = 280 2, 
See page 1-12 





NY 
ND 
— 
NO 
= 
co 





=f a 
On 
NQ 
NO 


—_ 
J 
Ww 
© 
—_ 
~J 
N) 
On 


Cc 
= 
~{ 











NO 
ol 


12 12 


WwW 
oO 
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AL 
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Components 


PERIPHERAL DEVICES 


——- 
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Microprocessors 





Texas Instruments invented the integrated circuit, microprocessor and 
microcomputer, which have made T! synonymous with reliability, 
affordability, and compactness. The SBP9900A-1 16-bit microprocessor 
carries on TI’s tradition of technology leadership. 
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SBP 9900A-1 
INTRODUCTION 


DESCRIPTION 


The SBP 9900A microprocessor is a ruggedized monolithic Central Processing Unit (CPU) fabricated with Integrated 
Injection Logic (12L) technology. The SBP 9900A combines the properties of !2L technology with a 16-bit word 
length, an advanced memory-to-memory architecture, and a full minicomputer instruction set to extend the end 
application reach of Texas Instruments 9900 microprocessor family into those applications requiring efficient, stable, 
reliable performance in severe operating environments. !2L technology enables the SBP 9900A to operate over a very 
wide ambient temperature range from a dc power source. Static Logic is used throughout with directly TTL compat- 
ible 1/O permitting use with standard logic and memory devices and thereby eliminating the need for special clock and 
interface functions. The SBP 9900A is software compatible with other 9900 microprocessor family members and 
shares a common body of hardware/software with Texas Instruments 990 minicomputer family. 


KEY FEATURES 
® Parallel 16-Bit Word Length 
® Full Minicomputer Instruction Set Includes Multiply and Divide 


@ Directly Addresses Up to 65,536 Bytes/32,768 Words of Memory 


® Advanced Memory-To-Memory Architecture 

e Multiple 16-Word Register Files (Work Spaces) Reside in Memory 

® Separate 1/O, Memory and Interrupt Bus Structures 

e 16 Prioritized Hardware |nterrupts 

° 16 Software Interrupts (XOPS) 

e Programmed and DMA !/O Capability 

e Serial 1/O Via Communications-Register-Unit (CRU) 

e 64-Pin Package 

e Software Compatible with T! 9900 Microprocessor/9900 Minicomputer Family 
e 12L Technology: | 


— Single dc Power Supply 

— Fully Static Operation 

— Single Phase Clock 

— Directly TTL Compatible I/O (Including Clock) 

— Operates Over Wide Temperature Range: 
—  —55°C to 125°C for SBP 9900AM, SBP 9900AN (883 B) 
— —40°C to 85°C for SBP 9900AE 
—  0°C to 70°C for SBP 9900AC 


e SBP 9900A-N Provided with 100% Processing in accordance with Method 5004 of MIL-STD-883B. 
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The, SBP 9900A is a 16-bit processor with 69 instructions including byte and bit addressing. The 16-bit word is used 
to address 32K words or 65K bytes of memory. Processing power comes not only from the 16-bit word length, but 
also from eight powerful addressing modes and the use of memory as working registers. It is, in fact, this concept 
called the “Workspace Register’’ concept that is the most outstanding architectural feature of the SBP 9900A. In 
contrast to the pushdown stack found in many minicomputers and microprocessors, the workspace register file is a 
contiguous block of 16 words in memory used as working registers. Storage of intermediate results and subroutine 
return addresses, as well as index register functions, is accomplished in the workspace. 


Most important of all is that each small routine, program or subroutine may have its own 16-word workspace. A 
workspace pointer (a 16-bit register within the arithmetic unit) points to the first word of the appropriate workspace 
for any given program. This is especially significant in systems where interrupt processing is used, or where multifunction 
applications require frequent changes of program context. When an interrupt occurs, for example, there is no need to 
save register contents and a return address in a stack or other block of memory, because they are all in the workspace. 
The Program Counter, Status Register, and Workspace Pointer (PC, ST, WP) are saved in three words of the workspace, 
the WP is set to a new value, pointing to the appropuate service routine, and processing resumes around a new set of 
workspace registers. 


The primary impact of the workspace is to give the program designer 16 “working registers’ for every routine and 
subroutine, and because the “‘registers’’ are actually memory words, there is no need to save and restore register contents 
when jumping from one routine to another. 


Other important features of the SBP 9900A are vectored interrupts (16 levels), an asynchronous 1/O bus, and a 
Communications Register Unit (CRU) to accommodate I/O circuit cards for a wide variety of peripherals and general 
interface requirements. 


ARCHITECTURE 


The memory word of the 9900 is 16 bits long. Each word is also defined as 2 bytes of 8 bits. The instruction set of 
the 9900 allows both word and byte operands. Thus, all memory locations are on even address boundaries and byte 
instructions can address either the even or odd byte. The memory space is 65,536 bytes or 32,768 words. The word 
and byte formats are shown in Figure 3. 
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FIGURE 3 — WORD AND BYTE FORMATS 
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REGISTERS AND MEMORY 
The 9900 employs an advanced memory-to-memory architecture. The 9900 memory map is shown in Figure 4. 


The first 32 words are used for interrupt trap vectors. The next contiguous block of 32 memory words is used by the 
extended operation (XOP) instruction for trap vectors. The last two memory words, FFFC1g and FFFE 46, are used 
for the trap vector of the LOAD signal. The remaining memory is then available for programs, data, and workspace 
registers. If desired, any of the special areas may also be used as general memory. 


Three internal registers are accessible to the user. The program counter (PC) contains the address of the instruction 
following the current instruction being executed. This address is referenced by the processor to fetch the next 
instruction from memory and is then automatically incremented. The status register (ST) contains the present state of 
the processor and will be further defined in Section 3.4. The workspace pointer (WP) contains the address of the first 
word in the currently active set of workspace registers. 


A workspace-register file occupies 16 contiguous memory words in the general memory area (see Figure 4). Each 
workspace register may hold data or addresses and function as operand registers, accumulators, address registers, or 
index registers. During instruction execution, the processor addresses any register in the workspace by adding the 
register number to the contents of the workspace pointer and initiating a memory request for the word. The 
relationship between the workspace pointer and its corresponding workspace is shown in Figure 4. 


The workspace concept is particularly valuable during operations that require a context switch which is a change from 
one program environment to another (as in the case of an interrupt) or to a subroutine. Such an operation, using a 
conventional multi-register arrangement, requires that at least part of the contents of the register file be stored and 
reloaded. A memory cycle is required to store or fetch each word. By exchanging the program counter, status register, 
and workspace pointer in the 9900 concept accomplishes a complete context switch withonly three store cycles and 
three fetch cycles. See Figure 4. After the switch the workspace pointer contains the starting address of a new 
16-word workspace in memory for use in the new routine. A corresponding time saving occurs when the original 
context is restored. Instructions in the 9900 that result in a context switch include: 


1. Branch and Load Workspace Pointer (BLWP) 
2. Return from Subroutine (RTWP) 
3. Extended Operation (XOP). 


Device interrupts, RESET, and LOAD also cause a context switch by forcing the processor to trap to a service 
subroutine. 


INTERRUPTS 


The 9900 employs 16 interrupt levels with the highest priority level 0 and lowest level 15. Level O is reserved for the 
RESET function and all other levels may be used for external devices. The external levels may also be shared by 
several device interrupts, depending upon system requirements. 


The 9900 continuously compares the interrupt code (ICO through IC3) with the interrupt mask contained in 
status-register bits 12 through 15. When the level of the pending interrupt is less than or equal to the enabling mask 
level (higher or equal priority interrupt), the processor recognizes the interrupt and initiates a context switch 
following completion of the currently executing instruction. The processor fetches the new context WP and PC from 
the interrupt vector locations. Then, the previous context WP, PC, and ST are stored in workspace registers 13, 14, 
and 15, respectively, of the new workspace. The 9900 then forces the interrupt mask to a value that is one less than 
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the level of the interrupt being serviced. This allows only interrupts of higher priority to interrupt a service routine. 
The processor also inhibits interrupts until the first instruction of the service routine has been executed. All interrupt 
requests should remain active until recognized by the processor in the device-service routine. The individual service 
routines must reset the interrupt requests before the routine is complete. 


If a higher priority interrupt occurs, a second context switch occurs to service the higher priority interrupt. When that 
routine is complete, a return instruction (RTWP) restores the first service routine parameters to the processor to 
complete processing of the lower-priority interrupt. All interrupt subroutines should terminate with the return 
instruction to restore original program parameters. The interrupt-vector locations, device assignment, enabling-mask 
value, and the interrupt code are shown in Table 1. 


TABLE 1 
INTERRUPT LEVEL DATA 


Vector Location Interrupt Mask Values To Interrupt 
Interrupt Level (Memory Address Device Assignment Enable Respective Interrupts Codes 
In Hex) (ST12 thru ST15) ICO thru 1C3 
(Highest priority) O Reset 0 through F* 
External device 1 through F 
2 through F 
3 through F 
4 through F 
5 through F 
'6 through F 
7 through F 
8 through F 
9 through F 
A through F 
B through F 
C through F 
13 D through F 
14 ; E and F 
(Lowest priority) 15 External device F only 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


_ 
NO 





i Levelt O can not be disabled, 


The 9900 interrupt interface utilizes standard TTL components as shown in Figure 5. Note that for eight or less 
external interrupts a single SN54/74148 is required and for one external interrupt INTREQ is used as the interrupt 
signal with a hard-wired code ICO through IC3. | 


2.3 1/0 INTERFACE COMMUNICATIONS-REGISTER-UNIT (CRU) 


The SBP 9900A communications-register-unit (CRU) is a versatile, direct command-driven serial I/O interface. The 
CRU may directly address, in bit-fields of one to sixteen, up to 4096 peripheral input bits and up to 4096 peripheral 
output bits. The SBP 9900A executes three single-bit and two multiple-bit CRU instructions. The single-bit instructions 
include TEST BIT (TB), SET BIT TO ONE (SBO), and SET BIT TO ZERO (SBZ); the multiple-bit instructions 
include LOAD CRU (LDCR) and STORE CRU (STCR). 


The SBP 9900A employs three dedicated 1/O signals CRUIN, CRUOUT, CRUCLK, and the least significant twelve 
bits of the address bus to support the CRU interface. CRU interface timing is shown in Section 2.9. 
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FIGURE 5 — SBP 9900A-1 INTERRUPT INTERFACE 


2.4 SINGLE-BIT CRU OPERATIONS 


The 9900 performs three single-bit CRU functions: test bit (TB), set bit to one (SBO), and set bit to zero (SBZ). To 
identify the bit to be operated upon, the 9900 develops a CRU-bit address and places it on the address bus, A3 to 
Ai4. 


For the two output operations (SBO and SBZ), the processor also generates a CRUCLK pulse, indicating an output 
operation to the CRU device, and places bit 7 of the instruction word on the CRUOUT line to accomplish the 
specified operation (bit 7 is a one for SBO and a zero for SBZ). A test-bit instruction transfers the addressed CRU bit 
from the CRUIN input line to bit 2 of the status register (EQUAL). 


The 9900 develops a CRU-bit address for the single-bit operations from the CRU-base address contained in workspace 
register 12 and the signed displacement count contained in bits 8 through 15 of the instruction. The displacement 
allows two’s complement addressing from base minus 128 bits through base plus 127 bits. The base address from W12 
is added to the signed displacement specified in the instruction and the result is loaded onto the address bus. Figure 6 
illustrates the development of a single-bit CRU address. 


2.5 MULTIPLE-BIT CRU OPERATIONS 


The 9900 performs two multiple-bit CRU operations: store communications register (STCR) and load communica- 
tions register (LDCR). Both operations perform a data transfer from the CRU-to-memory or from memory-to-CRU as 
illustrated in Figure 8. Although the figure illustrates a full 16-bit transfer operation, any number of bits from 1 
through 16 may be involved. The LDCR instruction fetches a word from memory and right-shifts it to serially transfer 
it to CRU output bits. If the LDCR involves eight or fewer bits, those bits come from the right-justified field within 
the addressed byte of the memory word. If the LDCR involves nine or more bits, those bits come from the 
right-justified field within the whole memory word. When transferred to the CRU interface, each successive bit 
receives an address that is sequentially greater than the address for the previous bit. This addressing mechanism results 
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SOFTWARE BASE ADDRESS 


0 1 2 3 4 5 6 7 8 9 
xixtxt | | tt | ft 


DON’T CARE 


10 11 #12 #13 #14 =~ «15 
BRR. 


HARDWARE BASE ADDRESS | 








8 9 10 #11 #12 ~«13~=«614~—~—( «15 


SIGNED 
DISPLACEMENT 
BIT 8 SIGN 
EXTENDED Jb 
0 1 2 3 4 5 6 7 8 9 10 #141 £12 #13 «214 
efoto} FY TT ET EE TT | YY ateness ous 


SET TO ZERO EFFECTIVE CRU BIT ADDRESS 
FOR ALL CRU 
OPERATIONS 


FIGURE 6 — 9900 SINGLE-BIT CRU ADDRESS DEVELOPMENT 


CRU CRU 
INPUT OUTPUT 
BITS BITS 


ola EFFECTIVE MEMORY ADDRESS pia | 15 | 


OUTPUT (LDCR) 





N = BIT SPECIFIED BY CRU BASE REGISTER 


FIGURE 7 — 9900 LDCR/STCR DATA TRANSFERS 


in an order reversal of the bits; that is, bit 15 of the memory word (or bit 7) becomes the lowest addressed bit in the 
CRU and bit 0 becomes the highest addressed bit in the CRU field. 


An STCR instruction transfers data from the CRU to memory. If the operation involves a byte or less transfer, the 


transferred data will be stored right-justified in the memory byte with leading bits set to zero. If the operation 
involves from nine to 16 bits, the transferred data is stored right-justified in the memory word with leading bits set to 
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zero, When the input from the CRU device is complete, the first bit from the CRU is the least-significant-bit position 
in the memory word or byte. 


Figure 8 illustrates how to implement a 16-bit input and a 16-bit output register in the CRU interface. CRU addresses 
are decoded as needed to implement up to 256 such 16-bit interface registers. In system application, however, only 
the exact number of interface bits needed to interface specific peripheral devices are implemented. !t is not necessary 
to have a 16-bit interface register to interface an 8-bit device. 
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FIGURE 8 — 9900 16-BIT INPUT/OUTPUT INTERFACE 


EXTERNAL INSTRUCTIONS 


The 9900 has five external instructions that allow user-defined external functions to be initiated under program 
control. These instructions are CKON, CKOF, RSET, IDLE, and LREX. These mnemonics, except for IDLE, relate to 
functions implemented in the 990 minicomputer and do not restrict use of the instructions to initiate various 
user-defined functions. !DLE causes the 9900 to enter the idle state and remain until an interrupt, RESET, or LOAD 
occurs. When any of these five instructions are executed by the 9900, a unique 3-bit code appears on the most- 
significant 3 bits of the address bus (AO through A2) along with a CRUCLK pulse. When the 9900 is in an idle state, 
the 3-bit code and CRUCLK pulses occur repeatedly until the idle state is terminated. The codes are shown in 
Table 2. 


Figure 9 illustrates typical external decode logic to implement these instructions. Note that a signal is generated to 
inhibit CRU decodes during external instructions. 
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TABLE 2 
EXTERNAL INSTRUCTIONS 


EXTERNAL INSTRUCTION 





TO MEMORY AND CRU 








15 
CRU CLOCK SIGNAL 
7 LREX 
SN54LS/74LS138 —— 
v6 —CKOF 
15 a 
OA TO USER DEFINED 
9900 ~ Y5 2 
EXTERNAL INSTRUCTION 
A0-A14 LOGIC 
v3 b__RESET 
IDLE 
G2A G2BY2 
CRUCLK 


FIGURE 9 — EXTERNAL INSTRUCTION DECODE LOGIC 
2.7 LOAD FUNCTION 


The LOAD signal allows cold-start ROM loaders and front panels to be implemented for the 9900. When active, 
LOAD causes the 9900 to initiate an interrupt sequence immediately following the instruction being executed. 
Memory location FFFC is used to obtain the vector (WP and PC). The old PC, WP and ST are loaded into the new 
workspace and the interrupt mask is set to 0000. Then, program execution resumes using the new PC and WP. 
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2.8 SBP 9900A-1 PIN DESCRIPTION 


TABLE 3 
9900 PIN ASSIGNMENTS AND FUNCTIONS 


SIGNATURE Pin | 1/0. DESCRIPTION 


ADDRESS BUS 


AO (MSB) 24 | OUT| AO (MSB) through A14 (LSB) comprise the GND re OED 
address bus. This open-collector bus pro- GND L763 MEMEN 
vides the memory-address vector to the WAIT [ 362 READY 
external-memory system when MEMEN is LOAD [361 WE 
active, and 1t/O-bit addresses to the t/O HOLDA “$60 CRUCLK 





system when MEMEN is inactive. When 


C459 aVCESR 
HOLDA is active, the address bus is pulled 59 CYCEND 


> 
|e) 
=_ ob 
-~ CWO ON OO AWH = 





to the logic level HIGH state by the individ- #58 NC 
ual pull-up resistors tied to each respective CLOCK [| 457 = INJ 
A14 (LSB) 10 OUT | open-collector output. INJ rT 356 D115 
| rere A14 [4d 55 D114 
DATA BU ; 
A13 | 9 54 D1 
DO (MSB) 41 1/O | DO (MSB) through 015 (LSB) comprise the ‘ $ 
bidirectional open-collector data bus. This Al2 12 ae 53 Di2 
bus transfers memory data to (when writ- All 13 L_a52 D11 
ing) and from (when reading) the external- A10 14 £ | 51 D010 
memory system when MEMEN is active. AQ 15 f [~350 D9 
When HOLDA is active, the data bus is AS 16 F 449 Ds 
pulled to the logic level HIGH state by the A7 176 Mg48 D7 
individual pull-up resistors tied to each 
D15 (LSB) 56 1/0 | respective open-collector output. AG 18 Ld 47 D6 
AS 19 [ w46 DS 
POWER SUPPLY A4 20 f [| 2 45 =2#4 
INJ 9 Injector Supply Current A3 21 m™4.44 D3 
INJ 26 Injector Supply Current as 
INJ 40 Injector Supply Current A2 22 43 D2 
INJ 57 Injector Supply Current Al 23 Ld 42 D1 
AO 24 L341 oOo 
GND 1 Ground Reference NC 25 [ [40 INJ 
GND 2 Ground Reference INJ 26 E C4339 NC 
GND 21 Ground Reference G 27 Mss oN 
GND 28 Ground Reference nS c 
GND 28 Lt 37 NC 
CLOCK DBIN 29 L236 ICO 
CLOCK 8 iN CLOCK CRUOUT 30 & fT 3 35 «1C1 
CRUIN 31 Ld 34 C2 
BUS CONTROL INTREG 32 [ As 2 
DBIN 29 OUT | DATA BUS IN. When active (pulled to logic #33 IC3 


level HIGH), DBIN indicates that the SBP 

9900 has disabled its output buffers to 

allow the memory to place memory-read 

data on the data bus during MEMEN. DBIN NC—No internal connection 
remains at logic level LOW in all other cases 

except when HOLDA is active (pulled to 

logic level HIGH). 


MEMEN 63 OUT | MEMORY ENABLE. When active (logic level LOW), MEMEN indicates that the address bus contains a memory 
address. 


WE 61 OUT | WRITE ENABLE, When active (logic level LOW), WE indicates that the SBP 9900A data bus is outputting data 
to be written into memory. 
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SIGNATURE 


CRUCLK 


CRUIN 


CRUOUT 


INTREQ 


ICO (MSB) 


IC3 (LSB) 





HOLDA 


READY 


WAIT 


IAQ 


CYCEND 


LOAD 
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60 OUT 


31 


30 


32 


36 


33 


64 


62 


59 


OUT 


IN 


OUT 


OUT 


OUT 


OUT 


TABLE 3 (CONTINUED) 
DESCRIPTION 


COMMUNICATIONS-REGISTER-UNIT (CRU) CLOCK. When active (pulled to logic tevel HIGH), 
CRUCLK indicates to the external interface logic the presence of output data on CRUOUT, or the 
Presence of an encoded external instruction on AO through A2. 


CRU DATA IN. CRUIN, normally driven by 3-state or open-collector devices, receives input data from 
the external interface logic. When the SBP 9900A executes a STCR or TB instruction, it samples CRUIN 
for the level of the CRU input bit specified by the address bus (A3 through A14). 


CRU DATA OUT. CRUOUT ouputs serial data when the SBP 9900A executes a LDCR, SBZ, SBO 
instruction. The data on CRUOUT should be sampled by the external interface logic when CRUCLK goes 
active (pulled to logic level HIGH). 


INTERRUPT CONTROL 

INTERRUPT REQUEST. When active (logic level LOW), INTREQ indicates that an external interrupt is 
requesting service. If {NTREQ is active, the SBP 9900A Joads the data on the interrupt-code input fines 
ICO through IC3 into the internal interrupt-code storage register, The code is then compared to the 
interrupt mask bits of the status register. If equal or higher priority than the enabled interrupt level 
(interrupt code equal or less than status register bits 12 through 15), the SBP 9900A initiates the interrupt 
sequence, If the comparison fails, the SBP 9900A ignores the interrupt request, In that case, INTREQ 
should be held active. The SBP 9900A will continue to sample ICO through IC3 until the program enables 
a sufficiently low interrupt leve! to accept the requesting interrupt. 


INTERRUPT CODES. ICO (MSB) through IC3 (LSB), receiving an interrupt identity code, are sampled by 
the SBP 9900A when INTREQ is active (logic level LOW). When ICO through IC3 are LLLH, the highest 
Priority externa/ interrupt is requesting service; when HHHH, the lowest priority external interrupt is 
requesting service. 


MEMORY CONTROL 
When active (logic level LOW), HOLD indicates to the SBP 9900A that an external controller (e.g., DMA 
device) desires to use both the address bus and data bus to transfer data to or from memory. In response, 
the SBP 9900A enters the hold state after completion of its present memory cycle. The SBP 9900A then 
allows its address bus, data bus, WE, MEMEN, DBIN, and HOLDA facilities to be pulled to the logic level 
HIGH state. When HOLD is deactivated, the SBP 9900A returns to normal operation from the point at 
which it was stopped. 





HOLD ACKNOWLEDGE. When active (pulled to logic level HIGH), HOLDA indicates that the SBP 9900A 
is in the hold state and that its address bus, data bus, WE, MEMEN, and DBIN facilities are pulled to the 
logic level HIGH state. 


When active (logic level HIGH), READY indicates that the memory will be ready to read or write during 
the next clock cycle. When not-ready is indicated during a memory operation, the SBP 9900A enters a 
wait state and suspends interna! operation until the memory systems activate READY. 


When active (pulled to logic level HIGH), WAIT indicates that the SBP 9900A has entered a wait state in 
response to a not-ready condition from memory. 


TIMING AND CONTROL 
INSTRUCTION ACQUISITION. 1AQ is active (pulled to logic level HIGH) during any SBP 9900A initiated 
instruction acquisition memory cycle, Consequently, 1!AQ may be used to facilitate detection of illegal op 
codes. 


CYCLE END. When active (logic leve} LOW), CYCEND indicates that the SBP 9900A will initiate a new 
machine cycle on the !ow-to-high transition of the next CLOCK, 


When active (logic level LOW), LOAD causes the SBP 9900A to execute a nonmaskable interrupt with 
memory addresses FFFC1g and FFFE 46 containing the associated trap vectors (WP and PC). The load 
sequence is initiated after the instruction being executed is completed. LOAD will also terminate an idle 
state, If LOAD is active during the time RESET is active, the LOAD trap will occur after the RESET 
function is completed. LOAD should remain active for one instruction execution period (!AQ may be 
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TABLE 3 (CONCLUDED) 
SIGNATURE [PIN | 1/0 DESCRIPTION 


LOAD (Cont.) used to monitor instruction boundaries). LOAD may be used to implement cold-start ROM loaders. 
Additionally, front-pane! routines may be implemented using CRU bits as front-panel-interface signals, 
and software-control routines to direct the panel operations. 


RESET 6 IN When active (logic level LOW), RESET causes the SBP 9900A to reset itself and inhibit WE and CRUCLK. 
When RESET is released, the SBP 9SO00A initiates a level-zero interrupt sequence acquiring the WP and PC 
trap vectors from memory locations 00004 and 000246, sets all status register bits to logic level LOW, 
and then fetches the first instruction of the reset program environment. RESET must be held active for a 
minimum of three CLOCK cycles. 





2.9 SBP 9900A-1 TIMING 
2.9.1 SBP 9900A-1 MEMORY 
The SBP 9900A basic memory timing for a memory-read cycle with no wait states and for amemory-write cycle with 


one wait state is as shown in Figure 10. During each memory-read or memory-write, MEMEN.becomes active (logic 
level LOW) along with valid memory-address data appearing on the address bus (AO through A14). 





CLOCK | | | | | | | | | | | | | | | | | | | | 
CYCLE | | 
nm \ IY \ Y \ Y vy \ 


) 
es ear 


| 
DON'T CARE 
READY SOX 5 
| / \ l 
WAIT 
| J I 
DO-D15 CPU DRIVEN INPUT MODE (ap MNPUPXEPU DRIVEN) CPU WRITE DATA CPU DRIVEN 


| | | 

AQ | / Shown Assuming | | 
this cycle is an in- 

| struction acquisition | | | 





cycle 


caer ey Seer eneeS ne CE 


MEMORY READ CYCLE WITH MEMORY WRITE CYCLE WITH ONE WAIT 
NO WAITS 


RD = READ DATA 


FIGURE 10 — SBP S900A-1 MEMORY BUS TIMING 
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2.9.2 


2.9.3 


4-20 


in the case of a memory-read cycle, DBIN becomes active (pulled to logic level HIGH) at the same time 
memory-address data becomes valid; the memory write strobe WE remains inactive (pulled to logic level HIGH). If the 
memory-read cycle is initiated for acquisition of an instruction, 1AQ becomes active (pulled to logic level HIGH) at 
the same time MEMEN becomes active. At the end of a memory-read cycle, MEMEN and DBIN together become 
inactive. At that time, though the address may change, the data bus remains in the input mode until terminated by the 
next high-to-low transition of the clock. | 


In the case of a memory-write cycle, WE becomes active (logic level LOW) with the first high-to-low transition of the 
clock after MEMEN becomes active; DBIN remains inactive. At the end of a memory-write cycle, WE and MEMEN 
together become inactive. 


During either a memory-read or a memory-write operation, READY may be used to extend the duration of the 
associated memory cycle such that the speed of the memory system may be coordinated with the speed of the SBP 
9900. If READY is inactive (logic level LOW) during the first low-to-high transition of the clock after MEMEN 
becomes active, the SBP 9900A will enter a wait state suspending further progress of the memory cycle. The first 
low-to-high transistion of the clock after READY becomes active terminates the wait state and allows normal 
completion of the memory cycle. 


SBP 9900A-1 HOLD 


The hold facilities allow both the SBP 9900A and external devices to share a common memory. To gain memory-bus 
control, an external device requiring direct memory access (DMA) sends a hold request (HOLD) to the SBP 9900A. 
When the next available non-memory cycle occurs, the SBP 9900A enters a hold state and signals its surrender of the 
memory-bus to the external device via a hold acknowledge (HOLDA). Receiving the hold acknowledgement, the 
external device proceeds to utilize the common memory. After its memory requirements have been satisfied, the 
external device returns memory-bus contro! to the SBP 9900A by releasing HOLD. 








When HOLD becomes active (logic level LOW), the SBP 9900A enters a hold state at the beginning of the next 
available non-memory cycle as shown in Figure 11. Upon entering a hold state, HOLDA becomes active (pulled to logic 
level HIGH) with the following signals pulled to a HIGH logic level by the individual pull-up resistors tied to each 
respective open-collector output: DBIN, MEMEN, WE, AO through A14, and DO through D15. When HOLD becomes 
inactive, the SBP 9900A exits the hold state and regains memory-bus control. If HOLD becomes active during a CRU 
operation, the SBP 9900A uses an extra clock cycle after the deactivation of HOLD to reassert the CRU address 
thereby providing the normal setup time for the CRU-bit transfer. 








SBP 9900A-1 CRU 


The transfer of two data-bits from memory to a peripheral CRU device and the transfer of one data-bit from a 
peripheral CRU device memory are shown in Figure 12.. To transfer a data-bit to a peripheral CRU device, the 
SBP 9900A outputs. the corresponding CRU-bit-address on address bus bits A3 through A14 and the respective 
data-bit on CRUOUT. During the second clock cycle of the operation, the SBP 9900A outputs a pulse, on CRUCLK, 
indicating to the peripheral CRU device the presence of a data-bit. This process is repeated until transfer of the entire 
field of data-bits specified by the CRU instruction has been accomplished. To transfer a data-bit from a peripheral 
CRU device, the SBP 9900A outputs the corresponding CRU-bit-address on address bus bits A3 through A14 and 
receives the respective data-bit on CRUIN. No CRUCLK pulses occur during a CRU input operation. 
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FIGURE 11 — SBP 9900A-1 HOLD TIMING 


AO-A15 UNKNOWN RU BIT ADDRESS NX CRU ADDRESS N+1 CRU ADDRESS M 


| | | | 
CRUCLK | / \ / \I | 
| ; ] 


| | | 


| 
| 
| | | | 





| 
enon SKK TKK RET RIE 
| | INPUT VALID | 
| | | INPUT BITM | 
ee Ne ed 
CRU OUTPUT CRU INPUT 


FIGURE 12 — SBP 9900A-1 CRU INTERFACE TIMING 
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3. 9900 INSTRUCTION SET 
3.1 DEFINITION. 


Each 9900 instruction performs one of the following operations: 


e Arithmetic, logical, comparison, or manipulation operations on data 

e Loading or storage of internal registers (program counter, workspace pointer, or status) 
e | Data transfer between memory and external devices via the CRU 

e Control functions. 


3.2 ADDRESSING MODES 


The 9900 instructions contain a variety of available modes for addressing random-memory data (e.g., program 
parameters and flags), or formatted memory data (character strings, data lists, etc.). The following figures graphically 
describe the derivation of the effective address for each addressing mode. The applicability of addressing modes to 
particular instructions is described in Section 3.5 along with the description of the operations performed by the 
instruction. The symbols following the names of the addressing modes [R, *R, *R+, @ LABEL, or @ TABLE (R)] are 
the general forms used by 9900 assemblers to select the addressing mode for register R. 


3.2.1 WORKSPACE REGISTER ADDRESSING RFR 


Workspace Register R contains the operand. 


Register R 


3.2.2 WORKSPACE REGISTER INDIRECT ADDRESSING *R 


Workspace Register R contains the address of the operand. 


Register R 
3.2.3 WORKSPACE REGISTER INDIRECT AUTO INCREMENT ADDRESSING *R+ 


Workspace Register R contains the address of the operand. After acquiring the operand, the contents of workspace 
register R are incremented. 


Register R 
(PCI-e Instruction ewe HOR Operand | 
\ + 


1 (byte) 
or 2 (word) 
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3.2.4 SYMBOLIC (DIRECT) ADDRESSING @LABEL 


The word following the instruction contains the address of the operand. 


oie wstuaton 


3.2.5 INDEXED ADDRESSING @ TABLE (R) 


The word following the instruction contains the base address. Workspace register R contains the index value. The 
sum of the base address and the index value results in the effective address of the operand. 


Register R 


Index Value 










Effective 


3.2.6 IMMEDIATE ADDRESSING 





The word following the instruction contains the operand. 


3.2.7 PROGRAM COUNTER RELATIVE ADDRESSING 


The 8-bit signed displacement in the right byte (bits 8 through 15) of the instruction is multiplied by 2 and added to the 
updated contents of the program counter. The result is placed in the PC. : : 


Jump Instruction 
















Program Counter 2° DISP 





3.2.8 CRU RELATIVE ADDRESSING 


The 8-bit signed displacement in the right byte of the instruction is added to the CRU base address (bits 3 through 14 
of the workspace register 12). The result is the CRU address of the selected CRU bit. 


Instruction 


CRU Bit 






Address 






Register 12 


C_[ eaves ae 


0 23 1415 


(WP)+2-12 
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3.3 TERMS AND DEFINITIONS 


The terms used in describing the instructions of the 9900 are defined in Table 4. 


TABLE 4 
TERM DEFINITIONS 
DEFINITION 












Byte indicator (1=byte, 0 = word) 





Bit count 
Destination address register 
Destination address 












IOP 
LSBin) 
MSB(n) 


N 

PC 
Result 
S 

SA 

ST 
STn 
Tp 
Ts 
WR 
(n) | 
ab 














Immediate operand 
Least significant (right most) bit of (n) 
Most significant (left most) bit of (n) 

Don’t care 





Program counter 
Resu!t of operation performed by instruction 
Source address register 





Source address 
Status register 





Bit n of status register 








Destination address modifier 






Source address modifier 
Workspace register (working register) 
Workspace register n 

Contents of n 
ais transferred to b 
Absolute value of n 
Arithmetic addition 
Arithmetic subtraction 
Logical AND 
Logical OR 
Logical exclusive OR 
Logical complement of n 







3.4 STATUS REGISTER 


The status register contains the interrupt mask level and information pertaining to the instruction operation. Table 5 
explains the bit indications. 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
STO | ST1 | ST2| ST3 |} ST4| STS | STE not used (=0) ST12 $T13 S$T14 ST15 
L> | A> = C O P 4 interrupt Mask 
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TABLE 5 
STATUS REGISTER BIT DEFINITIONS 


| NAME | INSTRUCTION CONDITION TO SET BIT TO 1 


LOGICAL If MSB(SA) = 1 and MSB(DA) = 0, or if MSB(SA) = MSB(DA) 

GREATER and MSB of [(DA)-(SA)] = 1 . 

THAN If MSB(WR) = 1 and MSB of IOP = 0, or if MSB(WR) = MSB of 
JOP and MSB of [IOP-(WR)] = 1 

If (SA) #0 

lf result # O 
















Cl 















ABS 
All Others 





















ARITHMETIC If MSB(SA) = 0 and MSB(DA) = 1, or if MSB(SA) = MSB(DA) 
GREATER and MSB of [(DA)-(SA)} = 1 
THAN Cl tf MSB(WR) = 0 and MSB of IOP = 1, or if MSB(WR) = MSB of 

















IOP and MSB of [!OP-(WR)] = 1 
If MSB(SA) = 0 and (SA) # 0 
If MSB of result = 0 and result # 0 
If (SA) = (DA) 
if (WR) = 1OP 
If (SA) and (DA) =0 
If (SA) and (DA) = 0 
If CRUIN = 1 
lf (SA) =0 
If result = O 






ABS 
All Others 
C,CB 
Cl 
coc 
CZC 
TB 
ABS 
All Others 
A, AB, ABS, Al, DEC, 
DECT, INC, INCT, 
NEG, S, SB 

SLA, SRA, SRC, SRL 
A, AB 
Al 
$,SB 
DEC, DECT 
INC, INCT 
SLA 
DIV 










BIT 
STO 
ST1 
ST2 




















EQUAL 


CARRY 


7 














If CARRY OUT = 1 












{f last bit shifted out = 1 

If MSB(SA) = MSB(DA) and MSB of result # MSB(DA) 

If MSB(WR) = MSB of IOP and MSB of result # MSB(WR) 

lf MSB(SA) # MSB(DA) and MSB of resu!t # MSB(DA) 

if MSB8(SA) = 1 and MSB of result = 0 

If MSB(SA) = 0 and MSB of result = 1 

If MSB changes during shift 

If MSB(SA) = 0 and MSB(DA) = 1, or if MSB(SA) = MSB(DA) 
and MSB of [(DA)-(SA)] =0 

lf (SA) = 800046 

If (SA) has odd number of 1's 

LDCR,STCR tf 1<C < 8 and (SA) has odd number of 1’s 

AB, SB, SOCB, SZCB if result has odd number of 1's 


If XOP instruction is executed 


OP 
$T12—ST15 INTERRUPT LIMI lf corresponding bit of IOP is 1 
MASK RTWP If corresponding bit of WR15 is 1 


3.5 INSTRUCTIONS 







































ABS, NEG 


PARITY CB, MOVB 











3.5.1 Dual Operand Instructions with Multiple Addressing Modes for Source and Destination Operand 


0 1 2 3 4 5 


6 7 8 9 10 11 12 13 14 15 
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If B = 1 the operands are bytes and the operand addresses are byte addresses. If B = 0 the operands are words and the 


Operand addresses are word addresses. 


The addressing mode for each operand is determined by the T field of that operand. 


me OR Tp Se ies ADDRESSING MODE NOTES 


Workspace register 













Workspace register indirect 
Symbolic 
Indexed 


Workspace register indirect auto-increment 


NOTES: 1, When a workspace register is the operand of a byte instruction (bit 3 = 1), the left byte (bits O through 7) is the operand and the 


right byte (bits 8 through 15) is unchanged, 
2. Workspace register 0 may not be used for indexing, 


3. The workspace register is incremented by 1 for byte instructions (bit 3 = 1) and is incremented by 2 for word instructions (bit 3 =0). 
4,When Ts = Tp = 10, two words are required in addition to the instruction word. The first word is the source operand base 


address and the second word is the destination Operand base address, 


RESULT STATUS 
COMPARED BITS 
AFFECTED 


(SA)+(DA) > (DA) 
Add bytes (SA)+(DA) > (DA) 
Compare - Compare (SA) to (DA) and set 
appropriate status bits 
Compare bytes Compare (SA) to (DA) and set 


appropriate status bits 
Subtract : (DA) — (SA) > (DA) 
Subtract bytes - (DA) — (SA) > (DA) 
Set ones corresponding (DA) OR (SA) > (DA) 
Set ones corresponding bytes -2, (DA) OR (SA} > (DA) 
Set zeroes corresponding (DA) AND (SA) > (DA) 
Set zeroes corresponding bytes : (DA) AND (SA) > (DA) 
Move (SA) > (DA) 
Move bytes Soe (SA) > (DA) 


-- 00-4 00 
= = a 2 = = = = 
o0o0oUCOWUC WU Cc Ohl OllhlUc ll 
- Oo; 00-0 





3.5.2 Dual Operand Instructions with Multiple Addressing Modes for the Source Operand and 
Workspace Register Addressing for the Destination 


0 1 2 3 4 5 6 7 8 9 10 11 


12 13 14 15 
General format: pcos | ts 


The addressing mode for the source operand is determined by the Tc field. 


| ts | ls ADDRESSING MODE NOTES 


00 he Parone Workspace register 
1 
2 

















Workspace register indirect 
Symbolic 
indexed 


Workspace register indirect auto increment 


NOTES: 1, Workspace register O may not be used for indexing. 
2, The workspace register is incremented by 2. 
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COMPARED BITS DESCRIPTION 
TOO AFFECTED 

Compare ones Test (D) to determine if 1’s are in each bit 

corresponding position where 1's are in (SA). If so, set ST2. 

Compare zeros Test (D) to determine if 0’s are in each bit 

corresponding | position where 1's are in (SA). If so, set ST2. 

Exclusive OR (D) @ (SA) > (D) 

Multiply Multiply unsigned (D) by unsigned (SA) and 
place unsigned 32-bit product in D (most 
significant) and D+1 (least significant). 1f WR15 
is D, the next word in memory after WR15 will 
be used for the least significant half of the 


RESULT STATUS 
OP CODE 


product. 


Divide If unsigned (SA) is less than or equal to unsigned 


(D), perform no operation and set ST4, Otherwise, 
divide unsigned (D) and (D+1) by unsigned 

(SA). Quotient > (D), remainder > (D+1). If 

D = 15, the next word in memory after WR 15 





will be used for the remainder. 





3.5.3 Extended Operation (XOP) Instruction 


The Tg and S fields provide multiple mode addressing capability for the source operand. When the XOP is executed, 
ST6 is set and the following transfers occur: (4016 + 4D) > (WP) 

(4216 + 4D) > (PC) 

SA > (new WR11) 

(old WP) > (new WR13) 

(old PC) > (new WR14) 

(old ST) > (new WR15) 


The 9900 does not test interrupt requests (INTREQ) upon completion of the XOP instruction. 


3.5.4 Single Operand Instructions 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


General format: OP CODE S | 


The Ts and S fields provide multiple mode addressing capability for the source operand. 
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MNEMONIC 


* Operand is compared to zero for status bit. 


OP CODE 
0123456789 


0000010001 
0000011010 
0000010000 


RESULT 
COMPARED 
TOO 


STATUS 
BITS 
AFFECTED 

Branch 

Branch and fink 
Branch and load 
workspace pointer 


Clear operand 
Set to ones 
Invert 

Negate 
Absolute value* 
Swap bytes 


Increment 
Increment by two 
Decrement 
Decrement by two 
Execute 





DESCRIPTION 


SA — (PC) 

(PC) + (WR11); SA > (PC) 
(SA) > (WP); (SA+2) > (PC); 
(old WP) > (new WR 13); 

{old PC) > (new WR14); 

(old ST) > (new WR15); 

the interrupt input (INTREQ) is not 
tested upon completion of the 
BLWP instruction. 

0 (SA) 

FFFF16—> (SA) 

(SA) > (SA) 

—(SA) > (SA) 

((SA}| > (SA) 

(SA), bits O thru 7 > (SA), bits 
8 thru 15; (SA), bits 8 thru 15 > 
(SA}, bits O thru 7. 

(SA) + 17> (SA) 

(SA) + 2— (SA) 

(SA) — 1—> (SA) 

(SA) - 2 (SA) 

Execute the instruction at SA. 


Tif additional memory words for the execute instruction are required to define the operands of the instruction located at SA, these words 


will be accessed from PC and the PC will be updated accordingly. The instruction acquisition signal (IAQ) will not be true when the 


9900 


accesses the instruction at SA. Status bits are affected in the normal manner for the instruction executed. 


3.5.5 CRU Multiple-Bit Instructions 


0 1 


Genera! format: 


2 3 4 5 6 7 8 9 


11 12 13 14 15 


The C field specifies the number of bits to be transferred. If C= 0, 16 bits will be transferred. The CRU base register 
(WR12, bits 3 through 14) defines the starting CRU bit address. The bits are transferred serially and the CRU address is 
incremented with each bit transfer, although the contents of WR12 is not affected. Ts and S provide multiple mode 
addressing capability for the source operand. If 8 or fewer bits are transferred (C = 1 through 8), the source address is a 
byte address. If 9 or more bits are transferred (C = 0, 9 through 15), the source address is a word address. If the source 
is addressed in the workspace register indirect auto increment mode, the workspace register is incremented by 1 if 
C = 1 through 8, and is incremented by 2 otherwise. 
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OP CODE 
iat ae 


001100 | Load communcation 
register 

00% 10 1 | Store communcation 

register 


RESULT 
COMPARED 
TO 0 


STATUS 
BITS 
AFFECTED 


SBP 9900A-1 


DESCRIPTION 


Beginning with LSB of (SA), transfer the 
specified number of bits from (SA) to 

the CRU, . 
Beginning with LSB of (SA), transfer the 
specified number of bits from the CRU to 





TSTS5 is affected only if 1 <C <8, 


3.5.6 CRU Single-Bit Instructions 


0 1 2 3 


General format: 


4 5 6 


CRU relative addressing is used to address the selected CRU bit. 


OP CODE 
MNEMONIC 
01234567 


Set bit to one 
Set bit to zero 
Test bit 





3.5.7 Jump Instructions 


7 8 


STATUS 


BITS 


AFFECTED 


(SA). Load unfilled bit positions with 0. 


9 10 11 12 13 14 15 


OP CODE SIGNED DISPLACEMENT 





DESCRIPTION 


Set the selected CRU output bit to 1. 
Set the selected CRU output bit to 0. 
If the selected CRU input bit = 1, set ST2. 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
General format: OP CODE DISPLACEMENT 


Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the bits of ST are at 
specified values. Otherwise, no operation occurs and the next instruction is executed since PC points to the next 
instruction. The displacement field is a word count to be added to PC. Thus, the jump instruction has a range of —128 
to 127 words from memory-word address following the jump instruction. No ST bits are affected by jump instruction. 


CoC oOo oOo aoa a eo ao oe O}A 
20 OO OOOO oO oO oO oO OI[N 
== - 00000020 0{f& 
- 00" CACC O00 0{nN 
20-0200 00 = = IN 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Jump equal 
Jump greater than 


Jump high 


Jump high or equal 


Jump low 


Jump low or equal 
Jump less than 
Jump unconditional 
Jump no carry 
Jump not equal 
Jump no overflow 
Jump on carry 
Jump odd parity 


ST CONDITION TO LOAD PC 


ST2=1 
ST1=1 

STO = 1 and ST2=0 
STO =10rST2=1 
STO =O and $T2=0 
STO =O or ST2=1 
ST1 =O and ST2 =0 


~ unconditional 





ST3 =0 
ST2=0 
ST4 =0 
ST3 = 1 
ST5 = 1 
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3.5.8 Shift Instructions 


0 1 2 3 4 5 6 7 8 9 10 #11 #12 «13 #14 += «165 


lf C = 0, bits 12 through 15 of WRO contain the shift count. If C =0 and bits 12 through 15 of WRO = 0, the shift 
count is 16. 


RESULT STATUS 
OP CODE 
COMPARED BITS DESCRIPTION 
01234567 
TOO AFFECTED 


Shift left arithmetic Shift (WR) left. Fill vacated bit 
positions with 0. 
Shift right arithmetic Shift (WR) right. Fill vacated bit 


positions with original MSB of (WR). 
Shift right circular Shift (WR) right. Shift previous LSB 
| into MSB. 
Shift right logical Shift (WR) right. Fill vacated bit 
positions with 0's. 





3.5.9 Immediate Register Instructions 


0 1 2 #3 4 5 6 7 8 9 10 11 12 13 14 15 


General format: OP CODE 


: OP CODE 
MNEMONIC 
Al 


: 


MEANING COMPARED BITS DESCRIPTION 
0123456789 10 
TOO AFFECTED 


0000001 1 Add immediate (WR) + 1OP > (WR) 
0000001 AND immediate (WR) AND IOP > (WR) 
0000001 Compare Compare (W) to IOP and set 
immediate appropriate status bits 
0000001 Load immediate IOP > (WR) 
0000001 OR immediate (WR) OR 1OP > (WR) 





3.5.10 Internal Register Load Immediate Instructions 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


General format: OP CODE See een 


Load workspace pointer immediate 1OP > (WP), no ST bits affected 
Load interrupt mask JOP, bits 12 thru 15 > ST12 
thru ST15 
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3.5.11 Internal Register Store Instructions 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


No ST bits are affected. 


OP CODE 
MNEMONIC MEANING DESCRIPTION 


STST Store status register (ST) — (WR) 
STWP Store workspace pointer (WP) — (WR) 


3.5.12 Return Workspace Pointer (RTWP) Instruction 





0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
ceneratformat: [0] o]e[e]e]e]*[*[+*]o]o] "1 
The RTWP instruction causes the following transfers to occur: 


(WR15) > (ST) 
(WR 14) > (PC) 
(WR13) > (WP) 





3.5.13 External Instructions 


0 1 2 3 4 5 6 7 8 9 10 11 13 14 


12 15 


External instructions cause the three most-significant address lines (AQ through A2) to be set to the below-described 
levels and the CRUCLK line to be pulsed, allowing external control functions to be initiated. 


STATUS ADDRESS 
OP CODE 
MNEMONIC BITS DESCRIPTION BUS 
0123456789 10 
AFFECTED AO Al A2 


00000011010 Suspend SBP 9900A 


instruction execution until 


an interrupt, LOAD, or 


RESET occurs 
0000001 Reset O-> ST12 thru ST15 
0000001 User defined 
0000001 User defined 
0000001 User defined 
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3.6 MICROINSTRUCTION CYCLE 


The SBP 9900A includes circuitry which will indicate the completion of a microinstruction cycle. Designated as the 
CYCEND function, it provides CPU status that can simplify system design. The CYCEND output will go to a low logic 
level as a result of the low-to-high transistion of each clock pulse which initiates the last clock of a microinstruction. 


3.7. SBP 9900A INSTRUCTION EXECUTION TIMES 


Instruction execution times for the SBP 9900A are a function of: 


1) Clock cycle time, tc 
2) Addressing mode used where operands have multiple addressing mode capability 
3) Number of wait states required per memory access. 


The following Table 6 lists the number of clock cycles and memory accesses required to execute each SBP 9900A 
instruction. For instructions with multiple addressing modes for either or both operands, the table lists the number of 
clock cycles and memory accesses with all operands addressed in the workspace-register mode. To determine the 


additional number of clock cycles and memory accesses required for modified addressing, add the appropriate values 
from the referenced tables. The total! instruction-execution time for an instruction is: 


T=te (C +WeM) 


where: 
T = total instruction execution time; 
te = clock cycle time; 
C = number of clock cycles for instruction execution plus address modification; 
W = number of required wait states per memory access for instruction execution 
plus address modification; 
M = number of memory accesses. 


As ‘an example, the instruction MOVB is used in a system with te = 0.5 us and no wait states are required to access 
memory. Both operands are addressed in the workspace register mode: | 


T = to (C + WeM) = 0.5 (14 + 0°4) us = 7 us. 
If two wait states per memory access were required, the execution time is: 
T = 0.5 (14 + 2°4) us = 11 ys. 
If the source operand was addressed in the symbolic mode and two wait states were required: 
T =te (C + WeM) 
C=14+8=22 


M=4+1=5 
T = 0.5 (22 + 2°5) ps = 16 us. 
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TABLE 6 


INSTRUCTION EXECUTION TIMES 


MEMORY ADDRESS CLOCK | MEMORY ADDRESS 
INSTRUCTION ACCESS | MODIFICATIONt INSTRUCTION YCLES| ACCESS MODIFICATIONt 


Cc 
m___| source | best c_ | m | source | vest] 


A 

AB 

ABS (MSB = 0) 
(MSB = 1) 

Al 

ANDI 

B 

BL 


>> oD 


RTWP 
S 
SB 
SBO 
SBZ 
SETO 
Shift (C # 0) 
(C = 0, Bits 12-15 
of WRO = 0) 
(C =0, Bits 12—15) 
of WRO = K # 0) 
SOc 
SOCB 
STCR (C = 0) 
(1<C<7) 
(C =8) 
(9<C<15) 


Cc 

CB 

Cl 

CKOF 

CKON 

CLR 

coc 

c2Zc 

DEC 

DECT 

DIV (ST4 is set) 
DIV (ST4 is reset)* 
IDLE 

INC 

INCT 

INV 

Jump (PC is changed) 


{ OD > bY >D | 
NPa Boe BWM BAN 


>r> p> >yYP>? | 





> > > 


STWP 

(PC is not changed) 

LDCR (C =0) 
(1<C<8) 
{9<C<15) 


~N WWWW BB Be WWW eA DWWH WW WHet BP WW OWN fF AWN B A 


RESET function Undefined op codes: 
LOAD function 0000-01F F ,0320-033F ,0CO0-OFFF, 
Interrupt context switch 0780-07FF 





*Execution time is dependent upon the partial quotient after each clock cycle during execution. 
**Execution time is added to the execution time of the instruction located at the source address minus 4 clock cycles and 1 memory 
access time. 
TThe letters A and B refer to the respective columns in the Address Modification Table. 


ADDRESS MODIFICATION 


COLUMNA COLUMN B 


CLOCK MEMORY CLOCK MEMORY 
ADDRESSING MODE CYCLES ACCESSES CYCLES ACCESSES 
c c 


WR (Ts or Ty = 00) 
WR indirect (Ts or Tp = 01) 


WR indirect auto-increment (Ts or Tp = 11) 
Symbolic (Ts or Tp = 10, S or D = 0) 
Indexed (Ts or Tp = 10, S or D # O) 
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4. INTERFACING 


The input/output (1/0) accommodations have been designed for TTL compatibility. Direct interfacing, supportable 
by the entire families of catalog devices, is shown in Figure 13. 





ADDRESS BUS 





18 BITS 





12 BITS 








DOIN 





sis —, SN54LS251 | 


sits SN54LS259 / 
a a 





SBP SSD0A 
CRUIN 










a. 













i 





18S42MJ 






er" OEE RRUPT CODE 
















ICO-IC3 
snsanas “etna 
INTREQ 
INTERRUPT REQUEST DO-D16 DATA BUS 16 BITS 
CLOCK 





CLOCK 
SNS54LS124] GENERATOR 


FIGURE 13 — MINIMUM SEP 9900A-1 SYSTEM 


4.1 INPUT CIRCUIT 


The input circuit used on the SBP 9900A is basically an RTL configuration which has been modified for TTL 
compatibility as shown in Figure 14, An input-clamping diode is incorporated to limit negative excursions (ringing) 
when the SBP 9900A is on the receiving end of a transmission line; and input switching threshold of nominally 
+1.5 volts has been specified for improved noise immunity. This threshold is achieved via two resistors which function 
as a voltage divider to increase the one VpéE threshold of the I2L input transistor to +1.5 volts. 
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EQUIVALENT OF EACH INPUT 


Req 


CLOCK: Reg = 5 ko 
ALL OTHER: Reg = 10 k2 
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EQUIVALENT OF EACH INPUT/OUTPUT 


INPUT/OUTPUT 


FIGURE 14 — SCHEMATICS OF INPUTS AND INPUT/OUTPUTS 


The input circuit characteristics for input 
current versus input voltage are shown in 
Figure 15. The 10-kQ and 20-kQ load lines 
and threshold knee at +1.5 volts provide a 
high-impedance characteristic to reduce input 
loading and improve the low-logic-level input 
noise immunity over some standard TTL 
inputs. Full compatibility is maintained with 
virtually all 5-volt-logic families even when the 
SBP 9900A is powered down (injector current 
reduced). 


Sourcing Inputs 


The inputs may be driven directly by most 
5-volt-logic families. Functions that feature 
internal pull-up resistors at their outputs 
usually require no external interface 
components. Functions that feature open- 
collector outputs generally require external 
pull-up resistors. 


Terminating Unused Inputs 


Inputs that are selected to be hardwired to a 
logic-level low may be connected directly to 


I, - INPUT CURRENT 


500 uA 


400 vA 


300 uA 









LOAD LINE 


20-kQ 
LOAD LINE 


-5 mA 





-—10 mA 





V,- INPUT VOLTAGE 


FIGURE 15 — TYPICAL INPUT CHARACTERISTICS 


ground. Inputs that are selected to be hardwired to a logic-level high must be tied, via a current limiting (pull-up) 
resistor, to a logic-level-high low-impedance voltage source such as Vcc. A single resistor common to al! (N) inputs 


may be used for transient protection. 
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4.2 


4.2.1 


4-36 


350 

The output circuit characteristics for 1) high-level > 
output voltage (VOH) and current (IOH), 2) rise : 300 

times, and 3) next stage input noise immunity, are a o 

function of the load circuit being driven. The load < 250 

circuit may be either: 5 
A) the direct input of a five-volt logic family s 200 

if no source current is required O 
> 150 

or, for greater noise immunity and improved rise 7 
times, . 2 100 


TYPICAL OF ALL OUTPUTS EQUIVALENT OF EACH INPUT/OUTPUT 
INPUT/OUTPUT 


OUTPUT 
10 k2 





FIGURE 16 — SCHEMATICS OF OUTPUTS AND INPUT/OUTPUTS. 
OUTPUT CIRCUIT 


The output circuit selected for the SBP 9900A is a current-injected, open-collector transistor shown in Figure 16. Since 
this transistor is current-injected, output sourcing capability is directly related to injector current. In other words, the 
number of loads that may be driven by an SBP 9900A output is directly reduced as injector current is reduced, 


The output circuit characteristic for low-level output 

voltage (VOL) versus low-level output current (IOL) 

is shown in Figure 17. At rated injector current, the 

SBP 9900A output circuit offers a low-level output 400 
voltage of typically 220 mV. | 


B) the direct input of a five-volt logic 
family in conjunction with a discrete 50 
pull-up resistor. 





~1o — OUTPUT CURRENT — mA 


FIGURE 17 — TYPICAL OUTPUT 
CHARACTERISTICS 


OUTPUT LOAD RESISTOR 


When a discrete pull-up resistor Ri is utilized, the fanout requirements will restrict both its maximum and minimum 
values. The maximum load resistor value RL (max) will maintain the high-level output voltage minimum (2.4 V) while 
conducting IOH + N° !1H(load)- RL(max) may be calculated as shown in Figure 18. 


The minimum load resistor RL(min) should insure that the arithmetic sum of the current through Ri and the sink 
currents of the loads is less than IOL. Rt(min) may be calculated as shown in Figure 18. 


Table 7 shows, for convenience, RL (Min) and RL(Max) values for several fanout values. 
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HIGH-LEVEL (OFF-STATE) CIRCUIT CALCULATIONS 


The allowable voltage drop across the load resistor (VR_) is the 


SBP 9900A-1 


LOW-LEVEL (ON-STATE) CIRCUIT CALCULATIONS 


The maximum current through the load resistor when the out- 


put is on, plus the amount of current from the low-level input 
load, must be limited to the Io, capability of the output. There- 
fore, the equation is: 


difference between the pull-up source and the Voy level re- 
quired at the load: 

VRL = Vsource — YOH min 
The total current through the load resistor (IRL) is the sum of 


Vsource — VOL max 
the load current and the high-level output current (IQ}): S foe ere, oS 


RL (min) = 
Limin) "lot = Noad 


IRL = Load Current {into the load inputs) + IQyH 
where: [OH = 400 vA max 


Therefore, calculations for the maximum value of Ry would be: 


Vsource — VOH min 


R in ohms = 
L(max) n° Load Current + 400 vA 


Vsource Vsource 











1OH = 400 nA RL SBP 9900A 


LOADS OUTPUT 


SBP 9900A 
OUTPUT 


IRL 







lOL’ 





~_/ 
LOAD CURRENT 


oad = N° tH LOAD CURRENT 


2 oad = N+ HL 2 
N—1 N—1 
ML 
NH 
N N 
NL 
NH 
Assume: = Vsource = 5 V, VOH (min) = 2-4 V, Assume: = Vsource = 5 V, VOL = 0.4 V, IIL = 2 mA, 


N=5, Ippy = 50 uA N= 5, lo capability = 20 mA 


Vsource — VOH Vsource — VOL 


R = RL (min) = 
L(max) ssa elon (min) ion ““ligsa 
5V-24V 2.6 5V-04V 4.6 
R = a = —— 2 = 40002 Ritnin) = OO 
Limax) " 250 uA+400"A 0.00065 Limin)" 20mA—10mA 0.01 
A. RL MAXIMUM CALCULATIONS B. Ry MINIMUM CALCULATIONS 
FIGURE 18 — OUTPUT LOAD RESISTOR CALCULATIONS 
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TABLE 7 
OUTPUT LOAD RESISTOR VALUES (R_,) 


DRIVIN 
TYPE OF G DRIVING DRIVING 
Locic 1 LOAD 5 LOADS 10 LOADS 
RL(min) RL (max) Ri (min) Ri (max). RL(min) RL (max) 
54LS/74LS 
54/74 
548/748 


MOS 


C-MOS 
CONDITIONS: And unit loads of: 
Vsource 7 5 V. 54LS/74LS 
VOH = 2.4 V (Satisfies most 5-V logic), 54/74 
VoL =0.4V, 54S/74S 
loH = 400 uA (Maximum leakage), N-MOS — 
lot = 20mA C-MOS _ 





5. POWER SOURCE 


I2L is a current-injected logic. When the injector and ground pins are placed across a curve tracer, the processor V-1 
characteristic will resemble that of a silicon switching diode. Any voltage or current source capable of supplying the 
desired current at the injector node voltage required will suffice. A regulated current source is recommended. 


+VSUPPLY 


500 mA @ 1.05 V 


SBP 9900A 





FIGURE 19 — INJECTOR CURRENT SOURCE 
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+VSUPPLY 


SBP 9900A 





ae — — — 
- - - = 


GENERAL FORMULA (OHM’'S LAW) 


VsupPL_y — Vcc 


RDROP = 
lec 
EXAMPLE FOR Vsupp_Ly 2 5V, AND Icc = 500 mA: 


5—1.05 3.95 
Rprop a QE = O58” 7.9 OHMS 


FIGURE 20 — INJECTOR CURRENT CALCULATIONS 





Figures 21 and 22 show the typical injector node voltages that occur across the temperature and injector current ranges. 





1400 
= 
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-75 --50 -25 0 25 50 75 100 125 


Ta—FREE-AIR TEMPERATURE—‘C ICC HINVECTOR CURRENT Ama 
FIGURE 21 — INJECTOR-NODE VOLTAGE vs FIGURE 22 — INJECTOR-NODE VOLTAGE vs 
FREE-AIR TEMPERATURE INJECTOR CURRENT 
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6. ELECTRICAL AND MECHANICAL SPECIFICATIONS 


6.1 SBP 9900A-1 RECOMMENDED OPERATING CONDITIONS AT Icc = 500 mA (UNLESS OTHERWISE NOTED) 


PARAMETER ee 


| SBP 9900A MJ-1/NJ-1/EJ-1 525 
Supply current. tCc SBP 9900ACJ 500 550 


High-level output voltage, VoH 
Low-level output current, Io. 
Clock frequency, folock 


; High (67%) 
Width of clock pulse, ty, 


Clock rise time, t, 
Clock fal! time, t¢ 


a 
o 
oO 
Oo 


Oya 
Nio 
© 


‘HOLD 

READY 

DO thru D15 
* CRUIN 

INTREQ 

ICO thru IC3 

HOLD 

READY 

DO thru O15 

CRUIN- 

INTREQ 

1CO thru IC3 

SBP 9900AMJ-1, SBP 9900AN\J-1 
Operating free-air temperature, TA SBP 9900AEVJ-1 

SBP S900ACJ-1 0 70 


Setup time, tsy (see Figure 23)t 


= 
a;or na |— N 
mforo Ny 
—~f[olo f= N1O 
NS 
oO|o ie) 


Ny 
ol 
> 


oO 


Hold time, tp, (see Figure 23)T 


ol 
~ 


onion; ei Boren [hy 
o11O io) oO 
> }ofo[o>]> | 


| 
By 
o 
re) 
a 





NOTE: The SBP SSOOANJ-1 is electrically equivalent to MIL-M-38510/46001 and is processed in accordance with Method 5004 of 
MIL-STD-883B. : 
T The set-up and hold times on the HOLD, RESET, and LOAD inputs can be satisfied by synchronizing these signals to the CPU clock, 


DESIGN GOAL 


This page provides tentative information on a 
product in the developmental! stage. Texas 

4-40 Instruments reserves the right to change or dis- 381 
continue this product without notice. 
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6.2 SBP 9900A-1 CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) 








Icc = MIN, Vip =2V 
VOL Low-level output voltage V 
ViL = 0.8 V, lot = 20 mA 


a 
1 Input current lcc = MIN, Vy~=2.4V | mA 
All other inputs 200 300 
3 


6. SBP 9900A-1 SWITCHING CHARACTERISTICS OVER RECOMMENDED OPERATING 
FREE-AIR TEMPERATURE RANGE (UNLESS OTHERWISE NOTED), [cc = 500 mA, 


SEE FIGURES 23 AND 24 . 


tPLH OF tpHE ADDRESS BUS (AO — A14) 
tPLH OF PHL eee is 160s | 
(PLH OF PHL 
tpLH OF tpHL. INSTRUCTION ACQUISITION (IAQ) 


t For conditions shown MIN, NOM, or MAX, use the appropriate value specified under recommended operating conditions. 
+ All typical values are at Ic¢ = 500 mA, Ta, = 25°C, 
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FIGURE 23 — SWITCHING-TIME VOLTAGE WAVEFORMS: 


Vec=5V 
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FIGURE 24 — SWITCHING-TIME LOAD-CIRCUITS 
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64 CLOCK FREQUENCY VS. TEMPERATURE 


Stability of the operational frequency over the full temperature range of —55°C to 125°C is illustrated in Figure 25. 
The effects of temperature on clock frequency are nil above O°C. Below O°C the effects are typically less than —5% 
with respect to the typical performance. 


+20% 
+15% 
+10% 


+5% 


—5% 





—10% 


fox — TYPICAL A C PERFORMANCE 


—15% 





—20% 
—75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 


FIGURE 25 — AC PERFORMANCE FREE-AIR TEMPERATURE 
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0.900 (22,86) 0.225 (5,72) MAX 


iinet Gl Ty ene 
ARREST ERO 


_ SEATING 
PLANE 
0.910 (23,12) 0.070 (1,78) MAX = be 
0.890 (22,60) (SEE NOTE B) PIN Seer noee 4) T.P. 0.165 aa 19) 
0.013 (0,330) 0.065 (1,65) ( 0.100 (2,54) 
0.008 (0,203) 0.020 (0,51) 0.020 (0,51) 


4 PLACES Pacha dal te 
0.015 (0,38) 


NOTES: A. Each pin centerline is located within 0.010 (2,54) of its true longitudina! position. 
B. The minimum limit for this dimension may be 0.020 (0,51) for leads 1, 32, 33, and 64 only. 
C. All dimensions are in inches and parenthetically in millimeters. !nch dimensions govern. 
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SBP 9960 
PROGRAMMABLE CRU I/O EXPANDER 


1.0 INTRODUCTION 


1.1 


1.2 


GENERAL DESCRIPTION 


The SBP 9960 Programmable CRU I/O Expander is a ruggedized monolithic software-configurable 
input/output device fabricated with oxide separated Integrated Injection Logic (I2L) technology. The 
SBP 9960 provides a flexible and efficient Communications Register Unit (CRU) based interface 
between the CPU and auxiliary systems functicns ranging from bit-oriented sensors and actuators 
to byte/word/n-bit-field oriented peripherals. 


Under software control, each of the SBP 9960’s sixteen single-bit I/O ports may be individually con- 
figured to either the input or output mode. I2L technology enables the SBP 9960's static logic, and 
TTL compatible I/O, to operate over a very wide ambient temperature range from a single d-c power 
source with output current sink capability up to 24 mA. 


KEY FEATURES 
@ SBP 9900/SBP 9989 Series Microprocessor Family Peripheral 


e 16 Individual, Single Bit, Software Configurable I/O Ports 
@® 12/24 mA current Sinking Outputs 
@ TTLCompatibleliO 


@ Wide Ambient Ternperature Operation 
— SBP 9960NJ: — 55°C to + 125°C (screened to MIL-STD-883B) 


@® {2L Technology 


— Constant Current Power Source 
— Fully Static Operation 
— Wide Temperature Stability 
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2.0 FUNCTIONAL DESCRIPTION 
2.1 SBP 9960/CPU INTERFACE 


The SBP 9960 communicates with the CPU through the commumications Register Unit (CRU) interface 
as shown in Figures 1 and 3. The SBP 9960’s CRU interface consists of: a) five CRU address select lines 
(S0-S4), B) a single chip enable (CE), c) a 9960 to CPU serial data-bit line (CRUIN), d) a CPU to 9960 serial 
data-bit line (CRUOUT), and e) a CPU to 9960 serial data-bit clock (CRUCLK). When CE is activated 
(logic-level low), SO-S4 select a specific single-bit |/O port as indicated in Table 1. In the case of an 
SBP 9960 write operation, the datum is transferred from the CPU to the SBP 9960 via the CRUOUT line. 
The CRUOUT datum is strobed into the selected single-bit port by CRUCLK. In the case of aSBP 9960 read 
operation, the selected single-bit port is sampled by the CPU via the CRUIN line. 





CE 
CONTROL 
FF 
so PO 
uJ 
° Si P1 
me $2 P2 9° 
cc P3 ‘ns 
= S3 P4 5 
Z ps5 | S 
5 s4 = 
ro BUFFERS P6 = 
Oo AND P7 2 
CRUCLK LATCHES P8 5 
PQ ie 
CRUIN P10 oO 
CRUOUT P11 & 
P12 7 
P13 
RESET P14 
P15 





FIGURE 1. SBP9960 FUNCTIONAL BLOCK DIAGRAM 


2.2 CRU BIT ASSIGNMENTS 


Table 1 describes the SBP 9960’s CRU bit assignments. Note that CRU bits 1-14 have been reserved 
for the SBP 9961. 


2.3. INPUT/OUTPUT 


One of sixteen SBP 9960, single-bit, combination open-collector-output/resistor-divider-input I/O ports 
is conversationally represented in figure 2. As a direct result of the open-collector output structure, the 
data flow direction through the port is determined by the stored logic-level of the associated output- 
register bit in combination with the data flow direction of the external device serviced by the port. When 
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the output-register bit (Q) is at logic-level high, the corresponding package pin (P) is essentially floating 
and therefore free to be externally pulled to either the high or low logic-level. In other words, when Q is at 
logic-level high, the ports data flow direction can be either inward, where an external device pulls P to the 
high or low logic-level; or the data flow direction can be outward, where an external resistor (R) both 
pulls P to logic-level high and sources current drive into the inputs of external devices. When Q is at 
logic-level low, the ports unconditional data flow direction is outward, where P has the capacity to sink 
12/24*mA of current from external devices. O can be reset to logic-level low through CPU execution of a 
SET BIT TO ZERO (SBZ) instruction; Q can be set to logic-level high through: 1) a hardware initiated reset 
(RESET), 2) a software initiated reset (RST : CRU BIT 15) preceded by setting the control bit (CRU BIT 0) to 
logic-level high, or 3) CPU execution of a SET BIT TO ONE (SBO) instruction. Note that both RESET and 
RST affect all sixteen single-bit I/O ports while CPU execution of either an SBO or SBZ instruction can be 
targeted at an individual single-bit port independent of uninvolved ports. Once the data flow direction 
has been established for each single-bit port, CPU communication with the external devices driven or 
sensed by each individual port is effected through execution of the CRU instructions: LDCR, STCR, SBO, 
SBZ, and TB. 





SBP 9960 





CRUIN 

cavour arenes 
CRUCLK 

RESET 





FIGURE 2. 1 OF 16 SINGLE-BIT I/O PORTS 


*Outputs PO, P1, P2, and P3 have extended current sink capability to 24 mA. 


PRODUCT PREVIEW 
This document contains information on 
a product under development. Texas 
Instruments reserves the right to change 
or discontinue this product without 4.49 
notice. 





SBP 9960 


TABLE 1 — SBP 9960 CRU BIT ASSIGNMENTS 


[env | so] si] se |sa[se[ cnunenooara | enuwnirepara 
| o ~~ cof olofolo|  controtpit | ——ControiBit 
p aaae | OT TT Note Note 


1 1 a he No Operation/ 
Ret (2) 


PO Input!3) PO Output!4) (5 










— 





v 


P 


— 
fo) 


P14 
P15 Output!4) 


me] 
mt) 
~~ N) 





P15 Input!3) 


NOTES: (1) Bits 1-14 reserved for SBP 9961 

(2) Writing a zero to bit 15 while CONTROL = 1 executes a software 
reset of the {/O ports. 

(3) Data present on the port will be read without affecting the data. 

(4) Writing data to the port will both program the port to the output 
mode and output the data. 

(5) These outputs are provided with extended sink-current capability 
to 24 mA, 


2.4 SYSTEM OPERATION 





During a typical power-up sequence of a SBP 9960-based system, RESET should be activated (logic- 
level low) to force the SBP 9960 to the state where each of the sixteen individual single-bit I/O ports 
is in the input mode. System software should then configure each single-bit port as required. If a 
given port is to be used as an input, the associated output register bit must be set to a logic level 
high through CPU execution of an SBO instruction. 
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9900 SERIES CPU 
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> 
ro) 
| 
> 
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CRUCLK A10 — A14 
CRUIN 


CRUOUT 





__ SBP 9960 
CE cRUI/O 
EXPANDER 
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| 


rp CRUCLK 
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FIGURE 3 — SYSTEM CONFIGURATION USING SBP 9960 AND SBP 9961 
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2.5 SBP 9960 PIN ASSIGNMENTS AND FUNCTIONS 


SIGNATURE Cz DESCRIPTION 


So IN | ADDRESS SELECT LINES. The data bit being accessed by the CRU 





$1 : IN | interface is specified by the 5-bit code appearing on S0-S4. 

$2 8 IN 

$3 9 IN 

$4 10 IN 

CRUIN 4 OUT| CRU DATA IN (to CPU). Data specified by S0-S4 is transmitted to the 
CPU by CRUIN. When CE is not active, CRUIN is pulled to logic-level 
high. 

CRUOUT 2 IN | CRU DATA OUT (from CPU). When CE is active data present on the 
CRUOUT input will be strobed by CRUCLK and written into the CRU 
bit specified by S0-S4. 

CRUCLK 3 -IN {| CRU CLOCK (from CPU). CRUCLK specifies that valid data is present 
on the CRUOUT line. 

“RESET a IN | POWER-UP RESET. When active (low), RESET forces all I/O’s 
(PO-P15) to input mode. 

CE 5 IN | CHIP ENABLE. When active (low), data may be bidirectionally trans- 
ferred between the SBP 9960 and the CPU. 

INJ 28 |. Supply Current RESET 1 10 2s Ing 

GND 14 Ground Reference CRUOUT 2 L ‘407° po 

PO 27 [/O | 1/0 pins crucLk 3 U Jos Pt 

Pi. 26 1/0 7 

P2 25 VO cruin 4L J25 2 

P3 24 I/O | — i F 

PA 23 | vol | =e ier “eo 

P5 22 I/O so 6 L 'jo3 pa 

P6 21 I/O 

P7 20 /O $1 7 |j22 PS 

P8 19 1/0 = 1 PE 

P9 ig | VO Be ee , 

P10 17 1/0 s3 9| |}20  P7 

P11 16 1/0 

P12 15 1/0 $4 10] | 1{19 PS 

P13 13 I/O 

py4 5 VO P15 11[7 []18 = Pg 

P15 11 1/0 P14 12[ }17 P10 

P13 13 || (4160 P14 
GND 14 [] 15 P12 


PRODUCT PREVIEW 
This document contains information on 
a product under development. Texas 
Instruments reserves the right to change 
or discontinue this product without 
notice. 


4-52 


3.0 ELECTRICAL SPECIFICATIONS SBP 9960 
3.1 RECOMMENDED OPERATING CONDITIONS 


Supply current, Ioct 70 77 


High-level output voltage, VoH pT 
PO, Pi, P2, P3 ee Al 






NIT 














Low-level output current, loL Other outputs 


Operating free-air temperature, Ta 





tTypical injector voltage, Ving, = 1.2 V 


3.2 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE 
RANGE 


Vid _Highievel inputvoitage | SSSCSC*” 
Vi,____towlevelinputvottags SST SSCS 






















CRUIN output = 77MA,|VOH = 2.4 V 
lOH High-level output current _ 

1/0 port - r at 

CRUIN output OH = ». 


Icc = 77 MA, ViH = 2V, 
VOL Low-level output voltage VIL = 0.7V, IoL = MAX 
Va 24Vo = 24V 
1 High-level i t ee op lcc =77mA 
1H gh-level input curren Cc m Vi =55V 


* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 





3.3 TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 


PARAMETER 
tw Width of GRUGLK pulse 


Address or select to CRUCLK 

Address or select after CRUCLK 

3.4 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING 
CONDITIONS 


FROM TO 
! 
eae ean TEST CONDITIONS _ 





CRUCLK VO port CL = 100 pF, 


Addre 

arees CRUIN Ri = 390 2, 
or select . 
VO port CRUIN - |. See Figures 4, 5 and 6 






Stp LH = Propagation delay time, low-to-high-leve} output 
tpHL = Propagation delay time, high-to-low-levet output 
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Voc= 5 V 
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FIGURE 4 — SWITCHING TIME LOAD CIRCUIT 
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| FIGURE 5 — SBP9960 CPU TO I/O PORT TIMING DIAGRAM 
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i 
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FIGURE 6 — 1/0 PORT TO CPU 


4.0 INPUT, OUTPUT, AND INPUT/OUTPUT SCHEMATICS SBP 9960 


A. EQUIVALENT OF EACH INPUT B. TYPICAL OF ALL C. EQUIVALENT OF EACH 
OUTPUTS INPUT/OUTPUT 


INPUT/OUTPUT 


5 OUTPUT 
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95-7 








ee 1.415 (36.0) MAX —ie 
@ ® 











o, 


0.600 + 0.010 


15.24 + 0.26 
0.020 (0.50) MIN 


ae A a 


| | ns + 
0.010 (0.25) NOM | -— PIN SPACING ~ L_0.150 + 0.030 
0.100 (2.54) T.P. 
(0.46 + 0.08) 0.050 + 0.020 . 


(3.81 + 0.77) 
0.018 + 0.003 (See Note A) 0.032 (0.81) NOM 


(1.27 + 0.51) 
0.050 +0.010 


(1.27 +0.26) 


NOTES: A. EACH PIN CENTERLINE IS LOCATED WITHIN 0.100 OF ITS TRUE LONGITUDINAL POSITION. 


B. ALL LINEAR DIMENSIONS ARE IN INCHES (AND PARENTHETICALLY IN MILLIMETERS 
FOR REFERENCE ONLY). INCH DIMENSIONS GOVERN. 
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SBP 9961 INTERRUPT CONTROLLER SBP 9961 


INTRODUCTION 


GENERAL DESCRIPTION 


The SBP 9961 Controller is a ruggedized, monolithic, programmable, multifunction system support device fabricated 
with oxide separated Integrated Injection Logic (12L) technology. The SBP 9961 provides the SBP 9900 series Family 
of Microprocessors with a maskable prioritized interrupt encoding capability. 12L technology enables the SBP 9961's 
static logic and TTL compatible 1/O to operate over a very wide ambient temperature range from a single d-c power 
source. 


KEY FEATURES 


e SBP 9900 Series Microprocessor Family Peripheral 
@ 15 Dedicated, Maskable, Prioritized, Encoded Interrupts 
e 12 mA Current Sinking Outputs 
e 40-Pin Package 
® TTL Compatible I/O 
& Wide Ambient Temperature Operation 
— SBP 9961NJ: —55°C to +125°C (with high-reliability processing) (screened to MIL-STD 883B) 
@ 12L Technology 


Constant-Current Power Source 
Fully Static Operation 
Single-Phase Edge- Triggering Clock 
— Wide Temperature Stability 


FUNCTIONAL DESCRIPTION 


SBP 9961/CPU INTERFACE 


The SBP 9961 communicates with the CPU through the Communications Register Unit (CRU) interface as shown in 
Figures 1 and 3. The SBP 9961’s CRU interface consists of: a) five CRU address select lines (SO-S4) b) a single chip 
enable (CE), c) a 9961-to-CPU serial data-bit fine (CRUIN), d) a CPU-to-9961 seria! data-bit line (CRUOUT), and 
e) a CPU-to-9961 serial data-bit clock (CRUCLK). When CE is activated (logic-level low), SO-S4 selects a specific CRU 
bit function as indicated in Table 1. In the case of a SBP 9961 write operation, the datum is transferred from the CPU 
to the SBP 9961 via the CRUOUT line. The CRUGUT datum is strobed into the selected 9961 CRU bit function by 
CRUCLK. In the case of a SBP 9961 read operation, the selected CRU bit function is sampled by the CPU via the 
CRUIN line. 
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TABLE 1 — CRU BIT ASSIGNMENTS 


CRU BIT | so | st| s2 | s3{ sa | CRU READ DATA CRU WRITE DATA 


Control Bit Control Bit(1) 

INT? (2) Mask1 (3) 
Mask2 
Mask3 
Mask4 
MaskS 
Mask6 
Mask7 
Mask8 
Mask9 
Mask10 
Mask11 
Mask12 
Mask13 
Mask14 
Mask 15 


On DOP WN =| CO 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


a a Se Se § * = O90 0 0000 0 
mwa rer er oooeorfrrfr rer 0000 
-~==- Oo -f-r-<c0e072fr 002 +00 
= we = O - Of OF fH 0020+ 0+ 0 





NOTES: (1) 0 = Interrupt Mode; 1 = No operation except CRU bit 15 — INTREQ 
(2) Data present on INT input will be read regardless of mask value. 
(3) While in the Interrupt Mode (Control Bit = 0), writing a 1” into a mask will enable interrupt, 
“O” will disable. 


INTERRUPT CONTROL 


A block diagram of the SBP 9961 interrupt control section is shown in Figure 2. The interrupt inputs are sampled 
on the positive-going edge of CLOCK and are ANDed with their respective mask bits. If an interrupt input is active 
(low) and enabled (MASK = 1), the signal is passed through the priority encoder where the highest priority signal is. 
encoded into a 4-bit binary word as shown in Table 2. This word, along with an interrupt request, is then output to 
the CPU on the positive-going edge of the next CLOCK. 


The output signals will remain valid until either the corresponding interrupt input is removed, the interrupt is disabled 
(MASK = 0), or a higher priority enabled interrupt becomes active. When the highest priority enabled interrupt is 
removed, the code corresponding to the next highest priority enabled interrupt is output. If no enabled interrupt is 
active, INTREQ will be pulled to logic-level high with |CO—IC3 retaining the last asserted interrupt code. RESET 
(power-up reset) will force the interrupt code ICO—IC3 to (0,0,0,0) with INTREQ pulled high, and will reset all mask 
bits low (interrupts disabled). Individual interrupts can be subsequently enabled (disabled) by programming the appro- 
priate mask bits. Unused interrupt inputs may be used as data inputs by disabling the interrupt (MASK = 0). 
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FIGURE 2 — INTERRUPT CONTROL LOGIC 


TABLE? SBP 9961 


INTERRUPT CODE GENERATION 


INTERRUPTISTATE [PRIORITY | loo | toa] lca] ea | 1WYRES 


1 (HIGHEST) 0 


| 2| 2| 2 
si aj 4 
AQ 


2 
~ 


2 
— 


E 


2 
fs | 


2 
+ 
oO 


| 


3 
4 
5 
INT 6 
7 
8 
9 
1 
1 


1 
INT 12 

INT 13 

INT 14 

INT 15 15 (LOWEST) 
NO INTERRUPT = 


2 
+ 
or 0r0erfF 0720+ 02+ 0 - 


—_ 
_ 





~ oo o0c0o0cjcooooo90oo oo 


(1) 1C0O-IC3 hold the level code of the previous interrupt. 





PRODUCT PREVIEW 
This document contains information on 
a product under development. Texas 
Instruments reserves the right to change 
or discontinue this product without 
notice. 


681 


4.63 


SBP 9961 


SLdNYYALNI W3LSAS 








NOILVYNSISNOD WALSAS L966 d8S — € aun 








L966 ddS £91 





OSYLNI 
LNONYSD 
NINYS 








EDEL ZOI LOI OO! 








OAYyILN!I L3S3yY 











NOISNVdX3 


LNONYD 





NINYD AIO 
WIONYS 





300930 


ssayaav NaW3W 





PLV-LLV 
Ndo 


S3I¥3S 0066 








sng ssazyqqv 





sng VLVa 





HIOTI 


681 


PRODUCT PREVIEW 
This document contains information on 


Texas 


instruments reserves the right to change 


a product under development. 


discontinue this product without 


or 
notice. 


4-64 


SBP 9961 
2.6 SBP 9961 PIN ASSIGNMENTS AND FUNCTIONS 


SIGNATURE PIN | 1/0 DESCRIPTION 








SO 33 IN ADDRESS SELECT LINES. The data bit being accessed by the CRU interface is speci- 
S1 35 IN fied by the 4-bit code appearing on S$1—S4. SO is used as the high order select line when 
S2 31 IN the SBP 9961 is used with the SBP 9960. Otherwise, tie SO to logic-level low. 
$3 34 IN 
$4 32 IN 
CRUIN 28 OUT CRU DATA IN (to CPU). Data specified by S0-S4 is transmitted to the CPU by CRUIN. 
When CE is not active, CRUIN is logic-level high. 
CRUOUT 17 IN CRU DATA OUT (from CPU). When CE is active, data present on the CRUOUT input 
will be sampled during CRUCLK and written into the CRU bit specified by S0-S4. 
CRUCLK 1 IN CRU CLOCK (from CPU). CRUCLK specifies that valid data is present on the CRUOUT 
line. 
RESET 38 IN POWER-UP RESET. When active (low), RESET forces all interrupt masks to ‘‘0’’, and 
disables the clock. 
CE 2 1N CHIP ENABLE. When active (low), data transfers may occur between the CPU and the 
SBP 9961. 
11 NC 
24 NC 
30 NC 
36 NC 
39 NC 
ICO 3 OUT INTERRUPT CODE LINES (to CPU). ICO (MSB) through IC3 output the binary code 
[C1 4 OUT corresponding to the highest priority enabled interrupt most.recently asserted. 
IC2 5 OUT 
IC3 6 OUT 
INTREQ 7 OUT | INTERRUPT REQUEST (to CPU). When active (low) INTREQ indicates to the CPU 


that an enabled interrupt has been asserted, prioritized, and encoded. 





CLOCK 9 IN CPU SYSTEM CLOCK. Used by the SBP 9961 to synchronize the interrupt interface 
(INTREQ, 1CO-1C3) to the CPU. 

INJ 40 Supply Current 

GND 19, 20 Ground 

VCC 37 Common voltage return/reference for all output pull-up resistors. 

INTT 12 IN - | INTERRUPT INPUTS. When active (low), the signal is ANDed with its corresponding 

INT2 13 IN | mask bit and if enabled sent to the interrupt control section. INT1 has highest priority. 

INT3 21 IN 

INT4 14 IN 

INT5 15 IN : 

INT6 16 IN 

INT7 18 IN 

INTS - 8 IN 

INTS 10 IN 

INT10 22 IN 

INTIT 23 IN 

INT12 25 IN 

INT13 26 IN 

INT14 27 IN 

INT15 29 IN 
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CRUCLK INJ 
CE NC 
Ico RESET 
iC1 Vec 
IC2 NC 
1C3 $1 
INTREQ $3 
INTS SO 
CLOCK $4 
INT S2 
NC NC 
INT1 INT15 
INT2 CRUIN 
INT4 iNT14 
INTS INTT3 
INT6 INT 12 
CRUOUT NC 
INT7 INTI1 
ane INT10 
GND INT 





3.0 ELECTRICAL SPECIFICATIONS 
3.1 RECOMMENDED OPERATING CONDITIONS, UNLESS OTHERWISE NOTED Iac= 130 mA 


iT 
130 145 
12 
—55 125 













. . o 


O}> 





3.2 ELECTRICAL CHARACTERISTICS (OVER RECOMMENDED OPERATING FREE-AIR 
TEMPERATURE RANGE, UNLESS OTHERWISE NOTED) : 


MIN _TVeT__ MAX 
Vin Hishlevel inputvotige —< SSCSCSCSCSCSCSCSCS 
Vit, Low-level input voltage Sid SCSCSCSC~—s“‘“~*~sS*s~S~“~C~SCSst~*” 


icc =130mMA,. Vin =2V, 
low High-level output current cc 1H 
VIL = 0.8 V, VoH = 5.5 V 















az 
BEES 
ied 


I Input current 


tFor conditions shown as MA X, use the appropriate value specified under recommended operating conditions 
FAII typical values are at !G¢ = 130 mA, Ta = 25°C. 


Vv 
Vv 
V 
M 
Icc¢ = 130 mA, Vip =2V, + 


Vit =O8V, loL =12mA 
Vi, =2.4V 


VoL Low-level output voitage 


Icc = 130 mA, 
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3.3 TIMING REQUIREMENTS OVER FULL RANGE OF OPERATING CONDITIONS 


PARAMETER MIN NOM MAX UNIT 
tr 


Clock rise time 10 20 














tt Clock fall time 10 20 
t Clock pulse tow width 114 


pons 

fee 

Es 
wl | ons. | 
Pw Clock pulse high width SSCS 
isu Sup tine for S084, CE, or GRUOUTbofowCRUER——SSCSC~C~“~‘“dtCS*~‘“‘“*~*~*sSCSC*C*‘dC 
[ay «Setup ine, inputbetoreweig RUIN | 
[Toy ___Setip time, inairuptbstore clock tigh ——SSCSCSC~—~C~CSsiS 
[iiGRUCLR) CRU cosk pulsewidth 0 
Tas] 





3.4 SWITCHING CHARACTERISTICS OVER FULL RANGE OF RECOMMENDED OPERATING 
CONDITIONS 





PARAMETER 


TEST CONDITIONS MIN TYP MAX 
Propagation delay, f CLOCK to valid 


ee = 100 pF. Ry = 390 2 
F Propagation delay, S0-S4 or CE C) = 100 oF. R) = 3902 
PD to valid CRUIN i — 

















4.0 INPUT, OUTPUT STRUCTURES 


A. EQUIVALENT OF EACH INPUT B. TYPICAL OF ALL 
OUTPUTS 


Vcc 


OUTPUT 
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5.0 MECHANICAL DATA 


5.1 40-PIN PLASTIC DUAL-IN-LINE PACKAGE 


€ o.600: 0.010 
(15,24 + 0,26) 
0.020 (0,51) 
MIN 


4 *. 

0.200 (5,08) MAX 

108° — SEATING PLANE—-— 
90° 0.011 + 0.003 


0.018 + 0.003 
(0,279 + ore (0,457 + cae 0.033 (0,84) MIN 


PIN SPACING 0.100 (2,54) T.P. 0.095 (2,42) 


0.055 (1,39) 
(See Note A) 0.060 (1,52) NOM 


0.125 (3,17) MIN 


NOTES: A. Each pin centerline is located within 0.010 (2,54) of its true longitudinal position. 
B. All linear dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 





5.2 40-PIN CERAMIC DUAL-IN-LINE PACKAGE 


= 2.020 {51.3} MAX 


¢ 
0.600 + 0.010 
(15.24 + 0.26) 0.020 (0.50) MIN 


ara 
OCA OF fos 0.185 (4.70) MAX 
SEATING 
“PLANE 


0.150 + 0.030 (3.81 + 0.77} 


0.018 + 0.003 0.032 (0.81) NOM 
| (0.4 us ae 0.050 + 0.020 
0.010 (0.25) NOM PIN SPACING 0.100 (2.54} T.P. 


(1.27 + 0.51) 
{See Note A) 0.050 + 0.010 
(1.27 + 0.26) 


NOTES: A. Each pin centertine is located within 0.010 (2,54) of its true longitudinal position. 
All linear dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 
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SBP9964 
TIMING CONTROLLER FOR THE SBP9900A 
1. INTRODUCTION 


1.1 KEY FEATURES 
e 14-Bit Interval Timer-Event Counter 
e RESET, HOLD, and LOAD synchronization 
® SBP9900A clock generation 
e 24-pin package 


e TTL-compatible, open-collector |/O 
1.2 DESCRIPTION 


The SBP9964 is a 14-bit, interval timer/event counter, an SBP9900A clock generator, and an SBP9900A RESET, 
HOLD, and LOAD signal synchronizer. The interval timer-event counter communicates with the SBP9900A/SBP9989 
through the SBP9900A/SBP9989 Communication Register Unit (CRU) I/O interface. The interval timer/event counter 
may be efficiently applied to a variety of applications in which timing the interval between external events, counting 
the number of external events, or initiating periodic events is desired. RESET, HOLD, and LOAD synchronizers provide 
for SBP9900A compatible synchronization of these signals from asynchronously applied external signals. 


WRITE oe 
so—2 sores ter TIMRES 
S1 
s U 
S3 CRU 
es I/F mi DIVIDE BY 64 DECREMENTER TIMINT 





CE 
CRUCLK | | 
CRUIN AEAD 
CRUOUT a 
TIMCLK 
HALT cock. Pi 
OSC GENERATOR CK 
[AQ 
RS , HOLD, LOAD, RESET icine 
LD SYNCHRONIZATION bene 
HLD HOLD 
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2. SBP9964 PIN ASSIGNMENTS 





3. SBP9964 PIN DESCRIPTIONS 


SIGNATURE ee DESCRIPTION 


INJ Injector Current Source 
GND 12 Ground Reference 
CE 1 IN Chip Enable: When active (low), SO-S3 select the CRU bit that is to be read or written to by the CPU. 


Additionally, when CE is active, the read register retains its current value and is not affected by 


decrementer operation until CE becomes inactive (high). 


SO 7 IN Select Lines: When CE is active (low), SO-S3 select one of 16 CRU bits to be read or written to 

S1 6 IN (see Table 1). 

$2 5 IN 

$3 4 IN 

CRUIN 23 OUT CRU Data In: When CE is active (low), data specified by SO-S3 is transmitted to the 9900A/9989 
by CRUIN, When CE is not active (high), CRUIN is logic-level high. 

CRUOUT 21 IN CRU Data Out: When CE is active (tow), data present on the CRUOUT input is sampled during 
CRUCLK and written into the CRU bit specified by S0-S3. 

CRUCLK 22 IN CRU Clock: CRUCLK specifies that valid data is present on the CRUOUT line. 

TIMRES 20 iN Timer Reset: When active (low), the Timer write-register is cleared (all zeros) disabling the timer, 
and the INTMSK bit (bit 15) is set to zero disabling the interrupt. 

HALFCLK 2 OUT The HALFCLK output has the same frequency and duty cycle as the clock, but the rising edge of 
the signal occurs midway between rising and falling edge of the CLOCK output signal. 

HALT 15 IN An active signal on this input halts the CLOCK before the next negative transition. 

TIMINT 8 OUT Timer Interrupt: If the INTMSK bit is set to one (bit 15), and, if the decrementer decrements to 
zero, TIMINT will become active (low). TIMINT remains active until the INTMSK bit is rewritten 
into or is reset using TIMRES or RS. 

RS 13 IN RESET Sense input: A negative transition occurring on this input causes the internal timer and 
LOAD registers to be reset, and also causes an active signal, synchronous with the CLOCK, to be 
placed on the RESET output. 

RESET 18 OUT RESET Output: The RESET output is synchronously active with the CLOCK output when an 


active signal (low) is placed on RS. 


4-72 781 


SBP9964 


LOAD Sense Input: A negative transition occurring on this input causes LOAD to become active 
until two tAQ pulses are received from the SBP9900A.. 


Instruction Acquisition: This input from the SBP99Q0A is used to determine the active time of the 
LOAD signal. 


LOAD Output: The LOAD output is synchronized with the CLOCK upon the occurrence of a high- 
to-low transition on the LD input. LOAD remains active until two |AQ pulses have been received. 


HOLD Sense Input: A negative transition on this input causes HOLD to become active synchronously 


with the CLOCK. 


HOLD Output: The HOLD output becomes synchronously active with the CLOCK when a negative 
transition occurs on HLD. 


TIMCLK Timer Clock: External clock used for the internal! timer or event counter. 


OSC . Oscillator Input: An oscillator input of three times the desired CLOCK output and having a 





50 percent duty cycle is used to generate the SBP9900A CLOCK input. 


CLOCK output: This output is SBP9900A-compatible CLOCK input, which is one-third of the OSC 
input frequency. This output has a 67 percent duty cycle. 





TABLE 1 — TIMER BIT ASSIGNMENT 


WRITE REGISTER DATA READ REGISTER DATA 
CLK1 CLK1 


CLK2 CLK2 
CLK3 CLK3 
CLK4 CLK4 
CLK5 CLK5 
CLK6 CLK6 
CLK7 CLK7 
CLK8 CLK8& 
CLKQ CLKY 
CLK10 CLK10 
CLK11 CLK11 
CLK12 CLK12 
CLK13 CLK13 
CLK14 CLK14 


MODE! MODE! 


INTMSK2 TIMINT 


1MODE = O interval timer mode; MODE = 1 event counter mode. 
2INTMSK = O TIMINT will not be active when Decrementer = 0; 
INTMSK = 1 TIMINT will be latched active when Decrementer = Q. 
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4. ELECTRICAL SPECIFICATIONS 


4.1 RECOMMENDED OPERATING CONDITIONS 










: 
[Supply curentiggOOCOCSSSCSC“‘“‘“‘“‘“‘< CO 80 85 | ma 
i 5. eae ASE SET (ECA 
a as 


SBP9964CJ EET 
Operating free-air temperature, T SBPOS64NS 











4.2 TIMING REQUIREMENTS OVER FULL RANGE OF OPERATING CONDITIONS 








se 
ee ST aT 
COT ASR ETT ea A RT OS 
Cl a SEE iT 

Sm 
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PERIPHERAL INTERFACE ADAPTOR 
1. INTRODUCTION 
1.1 GENERAL DESCRIPTION 
The SBP9965 Peripheral Interface Adaptor is a byte-oriented parallel input/output device that interfaces with the 
CPU through the memory bus. This technique allows paralle! transfers of data between the peripheral device and 


the CPU, increasing throughput rate to memory bus speeds. 


The SBP9965 is a ruggedized, monolithic, software-configurable input/output device fabricated with oxide- 
separated Integrated Injection Logic (I2L) technology. 


Built into the SBP9965 are internal mask registers from which an interrupt may be asserted when the input/output 
data is equal to the mask register data. This feature is useful for CPU- or DMA-initiated byte search operations as 
well as special character recognition schemes on input/output data. 

1.22 KEY FEATURES 
e SBP9900A/SBP9989 memory-mapped peripheral 


e Dual 8-bit input/output peripheral ports 





e Two-Wire Handshake Control (each port) 
@ Dual Port Mask Registers 
e 40-pin package 


e Wide ambient temperature operating range 
SBP9965NJ: —55°C to +125 C (screened to MIL-STD-8838) 
SBP9965CJ: 0°C to +70°C | 


® 12 technology 
— Single dc power source 
— Fully static operation 
— Wide temperature stability 


— TTL-compatible, open-collector 1/O © 
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DBIN 


8-BIT INTERNAL DATA BUS 
DATA | 
BUS | 
PORTA | 






















> PAO 
1/O DATA REGISTER : 
| aaa > PAT 
STBA/OBFA at 
IBEA/ACKA _ | fORTA PORTA eoNeARE 
STATUS 
— REG MASK LOGIC 
INTA REG. 
EQ 
STBB/OBFB 
PBO 
—— PORT B 
IBFB/ACKB PORT B es COMPARE 
STATUS MASK LOGIC aay 
INTB REG. REG. 





[ 





PB7 
CE TO 
- PORTB > | 
SELECT] > art 1/O DATA REGISTER 
S1 DECODE 


FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM, SBP9965 INTERNAL STRUCTURE 
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2. | FUNCTIONAL DESCRIPTION 


2.1 REGISTERS 


Figure 1 diagrams the internal structure of the SBP9965. Note there are six internal 8-bit registers, which are 
defined in the following pages. Table 1 tabulates the bit assignments and the select address for each register. 
- REGISTER 
NAME BIT O BIT 1 BIT 2 BIT 3 BIT 4 ne 5 roe BIT 7 
PORT A I/O 
PAO PA PA2 

DATA REG 
PORTA —— 

OBFA IBFA IOSELA INTMSKA EQSTA EQMSKA INVA 
STATUS REG 
PORTA 

MSKAO | MSKA1 MSKA2 MSKA3 MSKA4 MSKAS MSKA6 | MSKA7 
MASK REG 
PORT B1/O 

PBO PB2 PB6 

DATA REG 
PORT B en . 

OBFB IBFB IOSELB INTMSKB EQSTB EQMSKB INVB 
STATUS REG 
PORT B 

MSKBO MSKB1 MSKB2 MSKB3 MSKB4 MSKB5 MSKB6 | MSKB7 
MASK REG 


TABLE 1 — SBP9965 INTERNAL REGISTERS 




















2.1.1 Port A and Port B I/O Data Registers 


The Port A and Port B I/O data registers hold data that is transferred between the CPU and the peripheral 
device. When a portis in the output mode, the I/O data registers are loaded with data from the DO-D7 data 
bus on the rising edge of WE. When a port is in the input mode, data is loaded from PA/BO — PA/B7 on 
the rising edge of STBA/B input line from a peripheral device. 


2.1.2 Port A Status Register 


The Port A status register contains configuration and status bits with which the CPU may control the 
operation of Port A I/O’s. Note that (See Figure 1, Table 1) the first two bits of this register, OBF and 
IBF, represent external signal functions; all the other bits function internally. The Port A status register 
bit descriptions follow. 
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SBP9965 eo — 
OBFA (Bit 0) Output Buffer Full A: This bit is set to ‘0’ on the rising edge of the WE in- 


(Output Mode) put, indicating that the CPU has written data to the Port A output port. Thus 
output signal OBFA (pin 11) goes active (low) as a direct result. The periph- 
eral indicates receipt of data by sending an active (low) signal to the acknowl- 
edge input ACKA of the 9965. This sets bit 0 (OBFA) to ‘1, causing OBFA 
output signal to go inactive (high). 











(Input Mode) Bit 0 (OBFA) is set to “1, causing OBFA output signal to be inactive (high). 


IBFA (Bit 1) Input Buffer Full A: This bit indicates when the peripheral device has loaded 
data into the port A I/O data register. IFBA is set to ‘1’ on the rising edge of 
the STBA input from the peripheral. IBFA output signal goes active as a direct 
result. When the CPU has read the contents of Port A I/O data register, Bit 1 
(IBFA) is set to ‘0’ causing IBFA (pin 12) to become inactive. 


IOSELA (Bit 2) Port A I/O Select: A‘‘0” (low) written into this bit position configures Port A 
. as an input port. A “1” (high) written into this bit position configures Port A 
as an output port. 


INTMSKA (Bit 3) Port A Interrupt Mask: A ‘1’ written into this bit position enables generation 
| of an active (low) interrupt signal upon the occurrence of the rising edge of 
STBA when in the input mode, or upon the falling edge of ACKA when in 
the output mode. The interrupt may be cleared by reading Port A 1/O data 
register in the input mode, or by writing to Port A I/O data register when in 
the output mode. 





EQSTA (Bit 4) Port A Equal Status: When the data in the Port A I/O data register equals the 
data in Port A mask register, the EQSTA bit will be ‘1°’. If these two values 
are not equal, EQSTA = 0. EQSTA is not affected by the EQMSKA bit 
(Bit 5). EQSTA is cleared only by satisfying an inequality condition between 
the data register and the mask register. | 


EQMSKA (Bit 5) Port A Equal Status Output Mask: When EQMSKA = 0, the equal status of 
Port A is inhibited from affecting the EQ output pin. If EQMSKA = 1, the 
EQ will become active when an equal condition exists between Port A 1/O 
data register and Port A Mask Register. The EQ output may be reset (high) if 
(1) Port B equal status is not affecting this output, (2) if Port A equal status 
is inhibited through EQMSKA or (3) if an inequality condition is setup 
between the I/O data register and the mask register. 


INVA (Bit 6) Invert Port A Data: When INVA = 1, data in the Port A I/O data register is 
inverted prior to outputting on the DO-D7 data bus when in the input mode, 
or inverted prior to outputting on PAQ-PA7 when in the output mode. If 
INVA = 0, data is unaffected. 


2.1.3. Port B Status Register 


Port B status register is functionally identical to the Port A status register. It controls Port B operation. 


2.1.4 Mask Register A and Mask Register B 


These mask registers are used in conjunction with the Port A and Port B !/O data registers and internal 
compare logic to generate the EQST bits of the status registers and to generate the EQ output when 
enabled by the EQMSK bits. 


2.2 RESET CONFIGURATION 


An active (low) signal on the RESET pin (31) of the SBP9965 caused the unit to assume a known !/O configuration 
as detailed in Table 2. RESET will ordinarily be asserted by the system environment during power-up sequencing. 
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TABLE 2 — SBP9965 RESET CONFIGURATION 


REGISTER 
NAME 
PORTA 


PORTA 
STATUS REG 


PORTA 
MASK REG 


PORT B 
1/0 DATA REG 


PORT B 
STATUS REG 


PORT B 
MASK REG 





X = Don’t care 


3. SBP9965 PIN DESCRIPTIONS 





> Oo DF 
a| lal & 
—W 

w 2m 
+ 


IBFB/ACKB 
STBB/OBFB 





SIGNATURE ew ft vo DESCRIPTION 


INJ Injector Current Source 
GND 10. PWR Ground Reference 


CE 28 IN Chip Enable: When CE is active (low), the internal register, addressed 
by SO, S1, and S2, may be read or written to by the CPU. 


WE 29 IN Write Enable: Data on DO-D7 is written by the CPU to the register 
addressed by SO, S1, and S2 on the falling edge of WE when CE is 
active. 

DBIN 30 IN Data Bus Enable: When CE and DBIN are active (high), the contents of 
the register addressed by SO, S1, and S2 are output on DO-D7 to the 
CPU. 

SO 9 IN 

51 13 IN Select Lines: SO, S1, and S2 address the register to be read or written 
to by the CPU when CE is active. 

$2 14 IN . 
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SIGNATURE —fm | vo DESCRIPTION 


PAQ-PA7 1/0 Port A: When IOSELA of the Port A I/O status register is a ‘’1‘‘, PAO-PA7 
serve as the Port A output data port. When IOSELA = 0, PAO-PA7 serve as 
Port A input data lines. 





PBO-PB7 : 1/O Port B: When IOSELB of the Port B I/O status register is a ‘1’, PBO-PB7 
serve as the Port B output data port. When !OSELB = O, PBO-PB7 serve as 
Port B input data lines, 


STBA/OBFA Input Strobe A/Output Buffer Full A: When Port A is in the input mode, 
STBA serves as an input strobe from the peripheral device, which loads data 
into the Port A |/O data register on the rising edge of STBA. When Port A is in 
the output mode, OBFA serves as an output to the peripheral device indicating 
that th the Port A !/O data register has been loaded with output data by the CPU, 
OBFA is cleared inactive by an active ACKA input from the peripheral device 
acknowledging receipt of output data. 


STBB/OBFB Input Strobe B/Output Buffer Full B: Same STBA/OBFA except applies to 
Port B operation, 


IBFA/ACKA Input Buffer Full A/Acknowledge A: When Port A is in the input mode, 
IBFA serves as an output that becomes active (high) on the rising edge of 
STBA and is reset inactive when the CPU reads the input data from the Port 
A 1/O data register. When Port A is in the output mode, ACKA is an input to 
the SBP9965 from the peripheral device to acknowledge receipt of output data. 


IBFB/ACK Input Buffer Full B/Acknowledge B: Same as IBFA/ACKA except applies 
to Port B operation. 


Bidirectional Data Bus: This bidirectional, 8-bit, data bus connects to the 
CPU memory data bus for data transfers between the CPU memory and the 
SBP9965. The direction of DO-D7 is controlled by DBIN. 


Port A Interrupt Output: The INTA output is enabled when INTMSKA = 1 
and becomes active (low) on the rising edge of STBA in the input mode or on 
the falling edge of ACKA in the Output mode. INTA is cleared by reading or 
writing to the Port A 1/O data register. 


Port A Interrupt Output: Same as INTA, but applies to Port B operation. 


Equal Status Output: This output is the result of a logical OR between the 
Port A equal status and Port B equal status, Each port‘s equal status may be 
individually masked off through the EQMSKA and EQMSKB bits of the 
respective status registers. To clear an active (low) EQ output, the output must 
be, disabled through the EQMSK bit of the port causing the active level, Alter- 
natively an unequal condition must be established between the mask register 
and 1/O port causing the active level by changing either the mask value or the 
port !/O data register value. Figure 2 is a logic representation of the output 
source to the EQ pin, 


Power-On Reset: RESET is used upon power-up to reset the SBP9965 to a 
known, inactive state. Table 2 shows the reset condition of the SBP996S5. 
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EQSTA 


EQMSKA 


EQMSKB 


EQSTB 


FIGURE 2 — EQ (EQUAL) GENERATOR 


4.1 RECOMMENDED OPERATING CONDITIONS, Icc = 130 mA (UNLESS OTHERWISE NOTED) 


PARAMETER MIN NOM MAX | UNITS 
Supply current, Ic Ving = 1.2 V TYP 115 130 145 
High-level output voltage, Voy aa ae 


“a | , A 0 


4.2. ELECTRICAL CHARACTERISTICS OVER RECOMMENDED FREE-AIR TEMPERATURE RANGE 
UNLESS OTHERWISE NOTED) 


[Vin Highievelinputvorogs—[ 
[Vit Lowievel input valtge | 


; Icc = 130 mA, VIH=2V 
IOH High-level output current —250 
ViL =0.8V, VOH = 5.5 V 
Icc = 130 mA, ViIH=2V 
VOL Low-level output voltage 
Vit = 0.8 V, lop =12mA 


T All typical values are at loc = 130 MA, Ta = 25°C, 


4.3. TIMING REQUIREMENTS OVER FULL RANGE OF RECOMMENDED OPERATING CONDITIONS 


PARAMETER 
th(AD) Hold time, select after WE inactive 300 
th(DA) Hold time, data after WE active 

















tw(WE) Write enable pulse width 
twiSTB) Strobe pulse width 


twiACK) Acknowledge pulse width 
tsu(AD) Setup time, select before WE active 


tsu(DA) Setup time, data before WE active 


tsu(DS) Setup time, data before STB 





th(DS) Hold time, data after strobe active 75 
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4.4 SWITCHING CHARACTERISTICS, Ri: = 390 022, CL = 100 pF 


tpp17 ESET 


T All typical values are at Tp = 25°C 
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FIGURE 3 — SWITCHING TIME LOAD CIRCUIT 
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This document contains information on 
a product under development. Texas 
Instruments reserves the right to change 
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notice. 
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SBP 9989 
Microprocessor 





Texas Instruments invented the integrated circuit, microprocessor and 
microcomputer, which have made TI synonymous with reliability, 
affordability, and compactness. The SBP9989 16-bit microprocessor 
carries on Tl’s tradition of technology leadership. 
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SBP 9989 
INTRODUCTION 


The 9900 Family 


The 9900 Family isa compatible set of microprocessors, microcomputers, microcomputer modules, and minicomputers. 
It is supported with peripheral devices, development systems, and software and provides the designer with a system 
solution that has built-in protection against technological obsolescence. The family features true software compatibility, 
1/O bus compatibility and price/performance ratios which encompass a wide range of applications. The family is designed 
with a unique flexible architecture to allow technological changes to be easily incorporated while minimizing the impact 
these changes have on an overall system design. 


The SBP9989 I2L 16-Bit Microprocessor 


The SBP9989 is a second-generation, bipolar 16-bit microprocessor offering twice the performance of the original 
SBP9SO00A. Implemented in Tl’s Advanced I2L Technology, the SBP9989 combines environmental ruggedness and 
inherent reliability with a 16-bit word length, an advanced memory-to-memory architecture, and a full minicomputer 
instruction set to extend the end application reach of the Texas Instruments 9900 microprocessor family into those 
applications requiring efficient, stable, reliable performance in severe operating conditions. | 


The instruction set of the SBP9989 includes the capabilities offered by full minicomputers and is a superset of the 
9900 instruction repertoire. The SBP9989 can be used to upgrade existing SBP9900A systems or to implement new 
system designs requiring the increased through-put and doubled memory capability. 


KEY FEATURES 


The SBP9989 is downward-compatible with all of Tl’s existing microcomputer and minicomputer products and employs 
the advanced, memory-to-memory architecture that ensures optimal performance in the structured, !/O-intensive 
applications of the 80's. 





e Memory-to-memory architecture. 


® 73 basic instructions include all 69 instructions of the SBP9900A plus Signed Multiply, Signed Divide, Load WP, 
and Load ST. The signed multiply and divide instructions allow significant improvements in system through-put 
in numerical applications, while load workspace register and load status register are essential to the efficient 
implementation of advanced operating systems. 


e User extension to the basic instruction set allows undefined op codes to be assigned meanings during system 
design. The processor detects undefined op codes in an instruction stream and allows either software interpretation 
and execution of the code or hardware execution in special, user-designed ‘‘attached processors’. Coordination 
between the SBP9989 and its attached processors is achieved via a new input signal to the microprocessor 
designated XIPP (External Instruction Processor Present). 





e Direct access to 128 kilobytes of memory from the SBP9989 is provided by a new output signal designated 
MPEN (Memory Map Enable) which can be used directly as an additional address bit from the processor. This bit 
is represented in the processor Status Register as Status Bit 8, which may be manipulated by the user to allow 
access to two 64-kilobyte pages of memory. MPEN can also be used. with the SN54LS610 Memory Mapper to 
allow access to as much as 16 megabytes of memory. All traps cause Status Bit 8 to be forced to zero during a 
context switch, ensuring consistent interrupt operation and full software and hardware compatibility with other 
Tl products. 





e Multiprocessor system features allow coordination between several processing elements that must share memory 
and other resources. These features include: 


MPILCK (Multiprocessor Interlock), a new output signal that allows a processor to secure and hold a system 
resource against possible access contention with other processing elements. 


INTACK (Interrupt Acknowledge), a new output signal which allows the SBP9989 to acknowledge the presence 
of an interrupt during those times when it may not have control of the system resources. 


XIPP (Extended Instruction Processor Present), a new input signal that establishes a protocol for orderly transfer 
of bus control between host and slave processors that share memory resources. 


LOAD WP and LOAD ST (Load Workspace Pointer and Load Status Register) instructions that allow the SBP9989 
to capture a complete software context from an external source. 
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e Fully static design allows the SBP9989 to be clocked up to 4.4 MHz, or single stepped. The TTL- ea pene 1/0 
permits any standard logic and memory devices to be used. 


e Simplified clock requirements consist of single-phase clock with a 50% duty cycle. 


e Improved microcode within the processor enhances the efficiency of the SBP9989 over its predecessors. Micro- 
cycles were removed from more than half of the instructions, resulting in a 15% to 20% improvement in operat- 
ing efficiency. 


@ Improved external instruction, utilizing five address lines, provides a total of 160 forms available to the user. 


& Improved HOLD and WAIT interfaces. 


e Implemented in Advanced I2L . .. a proven bipolar technology for high-reliability applications. 


The single most important feature of the SBP9989, and all of TI’s microprocessors, is its memory-to-memory concept. 
The user has access to an unlimited number of effective registers, and may completely change register context (an 
operation equivalent to sixteen push and sixteen pop stack operations in a conventional registered architecture) in just 
five memory cycle times. The ability to change register content rapidly becomes of prime importance in systems that 
rely on multiprocessor architectures and high-level languages for efficient software . . . trends which will gain momentum 
as embedded computer applications become increasingly more complex. 


DEVELOPMENT SUPPORT 


AMPL System Advanced Microprocessor Prototyping Lab 


The AMPL System is a complete set of software and hardware tools that maximize software productivity for the 9900 


_ family. It includes a video display terminal, multiuser hard disk or floppy diskette options, and extensive software. 


Programs can be edited, assembled, }oaded, and executed with easy self-prompting commands. 


The AMPL system supports software development as well as in-circuit emulation for existing 9900 family CPU’s. The 
logic-state trace capability features interactive on-line control and analysis to provide fast data reduction, and pro- 
grammable emulation control based on the result of this analysis. The high-level language has designed-in features 
to simplify orientation for the new user while providing extensive flexibility and support for the experienced user. 


PROM programming implements target-system memory in PROM and EPROM while the AMPL interactive process 
makes it easy to identify and implement needed design changes. 


AMPL support for the SBP9989 is currently under development. 


Transportable Assembler 


4.90 


The SBP9989 is supported by a transportable general assembler (Tl part number TMAM4015). This assembler allows 
the use of symbolic instructions and assembler directives supporting the full instruction set. The 9900 family instruction 
set is composed of a base set of 69 instructions plus extensions peculiar to each CPU which provide the input and 
output manipulation comparison of words and bytes, and ASCll-character data. This product can be executed in 
TI 990, IBM, or DEC environments. | 


SBP 9989 








TMAM6011 — AMPL STATION 
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I2L TECHNOLOGY 


I2L is an integrated-injection-circuit logic where current steering is used to control gate switching levels. A lateral PNP 
transistor is used as an injector to supply base current to the vertical NPN transistor as shown in the figure. The NPN actually 
serves as the gate that is controlled by placing either a high or low voltage on the base that steers the injector current into or 
out of the NPN base. 


12L technology provides inherent advantages to the user when compared to other technologies. 


o —55°C to +125°C Temperature Range 
Circuits are designed to operate over the full military temperature range of —55°C to +125 °C rather than just 
being selected by screening. This provides added design margin that enhances system reliability. 

oO Low Power Consumption 


The SBP9989 dissipates less than 0.75 watts, depending upon the state of the I/O's. 


oO Radiation Hardness 
Also inherent with I2L as used on the SBP9989 is tolerance to radiation. It’s tolerance to transient upset is among 
the best observed on LSI parts while the simplicity of the process eliminates latch-up. 

o Low Internal Stress Voltage 


High internal voltages have been eliminated with I2L, thereby assuring further gains in reliability. The 5,000 
internal gates of the SBP9989 are stressed only with the Ving, which is typically 1.2 volts. Only the inputs and 
outputs are exposed to high stress voltages. 


o High Reliability 


While the SBP9989 has been designed and fabricated with processes to assure the highest levels of reliability, the 
SBP9989NJ is 100% processed to Method 5004 of MIL-STD-883B. Each part is individually identified to assure 
complete traceability and complete data availability. 


C1 
C2 


En 


I2L CIRCUIT SCHEMATIC 
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GENERATOR aeb 
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12L LOGIC 








12L DEVICE STRUCTURE 
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COMPATIBILITY WITH SBP9900A SYSTEMS 


The SBP9989 is pin-for-pin compatible with the SBP9900A except for 4 new I/O controls (MPEN, INTACK, MPILCK, 
and XIPP) assigned to pins that were not used on the original device. The modifications required to plug an SBP9989 
into an existing SBP9900A socket are listed below. 


Hardware 


oO Deactivating XIPP (tie Pin 58 to Vcc through a pull-up resistor). 


oO Provision for an increase in injector voltage to 1.25 V and a reduction in injector current to 400 mA. 
O Verifying that Pin 25 (MPEN), Pin 37 (INTACK), and Pin 39 (MPILCK) are open or grounded. 
re) Verifying fan-out compatibility (foL = 20 mA for SBP99ODA, Io. = 16 mA for SBP9989). 


Software 


o Although software written for the SBP9900A can be executed by the SBP9989, a reduction of 15% to 20% in 
execution time should be anticipated. Software timing loops will need new time constants to compensate for the 
reduced execution times. 


re) Any unused op codes used as NOP’s in the SBP9900A software will cause the SBP9989 to execute a level 2 
interrupt trap. . 


DEVICES FOR MILITARY-TEMPERATURE APPLICATIONS 


The SBP9989 is a member of the ever growing family of military microprocessor components. 


“Under development. 
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SBP9900A 
SBP9960 
SBP9961* 
SBP9964* 
SBP9965 
SN54L$124 
SN54L8244 
SN54LS373 
SN54LS374 
SN54LS412 
SN54LS610 
SN54LS630 
SN54LS644 
SN54LS645 
SN54LS$673 
SN54LS674 
SN54S189 
SN54S287 
SN54S288 
SN54$289 
TBP18S030 
TBP18S46 
TBP28L86 
TBP28S86 


16-Bit Advanced Hi-Rel Microprocessor 
16-Bit Hi- Rel Microprocessor 
Programmable CRU I/O Expander 
Interrupt Controller 

Timing Controller for the SBP9900A 
Peripheral Interface Adapter 

Dual Voltage-Controlled Oscillator 
Octal Buffer/Line Driver/Line Receiver 
Octal D-Type Transparent Latch 

Octal D-Type Edge-Triggered Flip-Flop 
Multi-Mode Buffered Latches 

Memory Mapper 

16-Bit Parallel Error Detection and Correction Unit 
Octal Bus Transceiver 

Octal Bus Transceiver 

16-Bit Shift Register 

16-Bit Shift Register 

64-Bit (16 x 4) RAM 

1024-Bit (256 x 4) PROM 

256-Bit (32 x 8) PROM 

64-Bit (16 x 4) RAM 

256-Bit (32 x 8) PROM 

4096-Bit (512 x 8) PROM 

8192-Bit (1024 x 8) PROM 

8192-Bit (1024 x 8) PROM 


SBP 9989 


FLOW CHART 















RESET signal causes 


immediate entry here. Instruction 
Acquisition 


During [AQ 
















Get WP from 000846. 
Store PC and ST in new 
workspace. 


Y XipP 


; Active 





Get new PC from O00A1g. 
Set ST(7 - 11) to 0. 


RESET 
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: HOLDA =H, 
Suspend 


Operation 


INTACK = H during WP fetch only. 
MPEN = H. 
Get RESET vector from 000046 and 00027. 


Store previous PC, WP, and ST in new workspace. 
Set ST(O - 15) to L. 





N LOAD 


we 
LOAD Y 
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Execute 
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LOAD 
Active 












INTACK = H during WP fetch only. 
MPEN =H. 

Get LOAD vector (ST and PC) from FFFC 1g and FFFE4g. 
Store previous PC, WP, and ST in new workspace. 

Set ST(7 - 11) and interrupt mask ST(12 - 15) to L. 









Overflow 
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INTREQ 
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Interrupt 
Valid 











Interrupt 
Valid 





Idle 
Instruction 



















INTACK = H. INTACK = H during WP fetch only. 
MPEN =H. MPEN = H. 






Store previous PC and WP in new workspace. 
Get interrupt-level vector (WP and PC). 

Set interrupt mask ST(12 - 15) to (Jevel —1). 
Set ST(7 - 11) to 0. 


Get interrupt vector from 000846 and 000A1¢. 

Store previous PC, WP, and ST in new workspace. 
Set interrupt mask ST(12 - 15) to 00014. 
Set ST(7 - 11) to 0. 
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HOLD 
HOLDA 
LOAD 
WE 
READY 
WAIT 
MEMEN 
DBIN 
RESET 
IAQ 
CYCEND 
CRUCLK 
MPILCK 
XIPP 
INTACK 


CLK 
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SBP 9989 
PIN ASSIGNMENTS AND FUNCTIONS (PIN NUMBERS ARE FOR 64-PIN DIP) 


ADDRESS BUS | 

24 OUT* AO0-A14 comprise the address bus. This open-collector bus provides the memory 

uF address to the memory system when MEMEN is active and CRU I/O bit addresses 

10 to the I/O system when MEMEN is inactive and DBIN is active. 

25 OUT* MEMORY MAP ENABLE. MPEN represents the inverted value of Status Register 
Bit 8 (ST8). MPEN can be changed by any instruction (i.e., LST, etc.) affecting ST8 
and will be set to 1 during SBP9989 trap addressing; namely interrupts, LOAD, 
RESET, XOP and ILLOP, MPEN may be used to allow memory expansion to 
64 kilowords. 


DATA BUS 
| 1/0* 
56 











AO (MSB) 


A14 (LSB) 


MPEN 





DO (MSB) DO-D15 comprise the bidirectional, open-collector data bus. This bus transfers 






memory data to (when writing) and from (when reading) the external memory 







D15 (LSB) system when MEMEN is active. 


POWER SUPPLY 










Injector-Supply Current 
Injector-Supply Current 






Injector-Supply Current 






Injector-Supply Current 







Ground 
Ground 






Ground 






Ground 


Single-phase clock input 


BUS CONTROL 
MEMEN 63 OUT* MEMORY ENABLE. When active (low), MEMEN indicates that the address bus 
contains a valid memory address. 
DBIN 29 OUT* DATA BUS IN. When activated (high) by the SBP9989 during MEMEN, DBIN 


indicates that the SBP9989 has disabled its output buffers to allow the memory 
system to place memory read data on the bus. The SBP9989 will also activate 
DBIN during all CRU operations and during the execution of the five external 
instructions. In all other cases except when HOLDA is active, the SBP9989 will 
maintain DBIN at a low logic level. 


WE 61 OUT* WRITE ENABLE. When active (low), WE indicates that the SBP9989 data bus is 
outputting data to be written into memory. 


*When HOLDA is active, these terminals are high. 
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COMMUNICATION REGISTER UNIT (CRU) 





CRUCLK OUT CRU CLOCK. When active (high), CRUCLK indicates to the external logic the 


presence of output data on CRUOUT or the presence of an encoded external 





instruction on AO-A2. 


CRU DATA IN. CRUIN receives input data from the external interface logic. 
When the SBP9989 executes a STCR or TB instruction, it samples CRUIN for 


the level of the CRU bit specified by the address bus (A3-A14). 


CRUOUT OUT CRU DATA OUT. CRUOUT outputs serial data when the SBP9989 executes a 
LDCR, SBZ, or SBO instruction. The data on CRUOUT should be sampled by the 


external interface logic when CRUCLK goes active. 


INTERRUPT CONTROL 


INTREQ 32 IN INTERRUPT REQUEST. When active (low), INTREQ indicates that an external 
interrupt is requesting service. If INTREQ is active the SBP9989 loads the data on 
the interrupt code input lines ICO-IC3 into the internal interrupt-code storage 
register. The code is then compared to the interrupt mask bits of the status register. 
If the interrupt code is equal to or less than Status Register Bits 12-15 (equal or 
higher priority than the previous enabled interrupt level), the SBP9989 initiates 
the interrupt sequence. If the comparison fails, the SBP9989 ignores the interrupt 
request. In that case, INTREO should be held active, The SBP9989 will continue 
to sample !C0-IC3 until the program enables a sufficiently low interrupt level to 





accept the requesting interrupt. 


ICO (MSB) | 36 IN INTERRUPT CODES. ICO (MSB)-IC3 (LSB), indicating an interrupt identity code, 
are sampled by the SBP9989 when INTREQ is active (low). When ICO-IC3 are 
LLLL, the highest-priority external interrupt is requesting service; when HHHH, the 


IC3 (LSB) 33 lowest-priority external interrupt is requesting service. 


INTACK 37 OUT INTERRUPT ACKNOWLEDGE. When active (high} during non-hold states, INTACK 
indicates the SBP9989 has initiated a trap sequence caused by the receipt of a valid 
interrupt, LOAD or RESET. INTACK shall be activated in the trap sequence while 
the SBP9989 is obtaining the new WP value from memory. An external device may 
determine which function or interrupt level is being serviced by monitoring the 
address bus during the INTACK time. When the SBP9989 is in a hold state (caused 
by activation of XIPP or HOLD) INTACK indicates SBP9989 has received a valid 
interrupt (level is less than value of interrupt mask), a LOAD or RESET. INTACK 
will remain valid (high) until the SBP9989 leaves a hold state (HOLD or XIPP 
released) or until the signal requesting interrupt is released. 
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SIGNATURE V/0- | DESCRIPTION 7 | . 


MEMORY CONTROL 





HOLD. When active (low), HOLD indicates to the SBP9989 that an external 
controller (e.g., DMA device) desires to use the memory bus for direct memory 
data transfers. In response, the SBP9989 enters the hold state after completion of 
its present cycle (memory or nonmemory}. The SBP9989 then asserts HOLDA and 
allows its address bus, MPEN, data bus, MEMEN, WE, DBIN, IAQ and CYCEND to 
be pulled to the high logic state. When HOLD is deactivated, the SBP9989 reassumes 
bus control and continues operation by resuming execution of the suspended 
instruction. 


HOLD ACKNOWLEDGE. When active (high) HOLDA indicates that the SBP9989 
is in a hold state and that its address bus, MPEN, data bus, MEMEN, WE, DBIN, 
1AQ, and CYCEND are pulled to the high state. The SBP9989 will enter a hold 
state in response to the activation of HOLD or XIPP (during the activation of an 
1L.LOP or XOP instruction). 


READY. When active (high) READY indicates that the memory (for memory 
operations) or CRU device (for CRU operations) will be ready to read or write 
during the next clock cycle. When READY is not active (!ow), the SBP9989 enters 
a wait state and suspends internal operations until the memory system or CRU 
device activates READY. | 


WAIT. When active (high), WAIT indicates the SBP9989 has entered a wait state in 
response to a not READY condition from a memory system or a CRU device. 


TIMING AND CONTROL 


1AQ "4 OUT* INSTRUCTION ACQUISITION. IAQ is activated (high) by the SBP9989 during 
any SBP9989 initiated instruction acquisition memory cycle. Consequently, [AQ 
may be used by an external device as an indication of when to sample the memory 
data bus to obtain instruction operations code data. | 


CYCEND 59 OUT* END OF CYCLE. When active (low), CYCEND indicates that the SBP9989 will 
initiate a new microinstruction cycle on the next low-to-high transition of the 
clock. 

MPILCK 39 ~ OUT MULTIPROCESSOR INTERLOCK. When active (high) MPILCK indicates the 


SBP9989 is performing the operations associated with operand transfer and 
manipulation for the ABS instruction. MPILCK shall be activated by the SBP9989 
during any ABS instruction upon initiation of the operand read operation and 
remain active until the completion of the instruction (i.e., MPILCK remains active 
for the duration of the SBP9989 read-modify-write operation cycle for the ABS 
instruction). Consequently, MPILCK may be used in the implementation of a 
nonseparable test and set capability. HOLD is sampled during MPILCK activation, 
so MPILCK can be used to control assertion of HOLD. 


*When HOLDA is active, these terminals are high. 
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SIGNATURE 1/0 DESCRIPTION 


58 EXTENDED INSTRUCTION PROCESSOR PRESENT. When activated (low) by 
an external device (an extended instruction processor, XIP) upon detection of the 





acquisition of an SBP9989 undefined op code. XIPP indicates the XIP will execute 
the undefined instruction. Recognition of XIPP will cause the SBP9989 to allow its 
memory bus signals to be pulled high, activate HOLDA and enter a hold state (i.e., 
suspend internal operation) after it has stored its WP, PC and ST in the workspace 
defined by the interrupt-level-2 trap vector. Upon receipt of HOLDA, the XIP may 
then proceed to execute the undefined instruction. During the instruction execution, 
the XIP may utilize the WP, PC and ST previously stored in memory by the SBP9989. 
Upon completion of its instruction execution, the XIP releases XIPP and allows the 
SBP9989 to resume bus control and restart instruction execution. The SBP9989 
will resume operation by reloading (from memory) its WP, PC and ST. XIPP may 
also be used to initiate a trap to interrupt-level-2 by going active during |AQ for any 
instruction. This is useful for implementing break points or maintenance panels. 


LOAD. When active (iow), LOAD causes the SBP9989 to set MPEN high, issue 
INTACK, store old PC, WP, and ST, set Status Register Bits 9-15 low, and execute a 
nonmaskable interrupt with unmapped memory addresses FFFCyg and FFFE16¢ 
containing the associated trap vectors (WP and PC), The load sequence is initiated 
after the instruction being executed is completed. LOAD will also terminate an idle 
state. If LOAD is active at the end of a reset function, the LOAD trap will occur 
after the reset function is completed. If LOAD is activated during a hold state 
(caused by XIPP or HOLD), the SBP9989 will activate INTACK to indicate a 
pending LOAD needs to be serviced. During hold states, LOAD will remain active 
until the SBP9989 leaves the hold state and the above conditions are met. LOAD 
may be used to implement bootstrap loaders. Additionally, front-panel routines 





may be implemented using CRU bits as front panel interface signals, and software 


control routines to direct the panel operations. 


RESET. When active (low logic ifevel), RESET causes the SBP9989 to reset itself, 
and inhibit WE and CRUCLK. When RESET is released, the SBP9989 goes through 
a level-zero interrupt sequence by causing MPEN to go to high, issuing INTACK, 
storing old PC, WP and ST, setting all status register bits low, acquiring the WP and 
PC trap vectors from memory locations 000016 and 000244, and then fetching the 
first instruction of the reset program environment if LOAD is not active. The 
SBP9989 continuously samples RESET on low-to-high clock transitions. RESET 
must be active for one low-to-high transition of the clock and satisfy the hold 
time requirements of this signal. 
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STANDARD INSTRUCTION SET | 


Each SBP99839 instruction performs one of the following operations: 


Arithmetic, logical, comparison, or manipulation operation on data. 

Loading or storage of internal registers (program counter, workspace pointer, or status). 
Data transfer between memory and external devices via the CRU. 

Control functions. 


NS 


TERMS AND DEFINITIONS 


The terms used in describing the instructions and status bits of the SBP9989 are defined below. 


TERMS AND DEFINITIONS 


DEFINITION 


Byte Indicator (1 = byte; 0 = word) 
Bit Count 
Destination address register 

DA Destination address 


IOP Immediate operand 

LSB(n) Least significant (right-most) bit of n 

MSB(n) Most significant (left-most) bit of n 

PC Program Counter 

Result , Result of operation performed by instruction 


S | Source address register 


SA Source address 
ST Status register 


Bit n of status register 
Tp Destination-address-mode contro! 
Ts Source-address-mode control 
WR ; Workspace register 


Workspace register n 
Concatenation of WRO and WR1 to form a 32-bit register 
a is transferred to b 


Absolute value of n 


Arithmetic addition 
Arithmetic subtraction 
Logical AND 

Logical OR 


Logical exclusive OR 
Logical complement of n 





Arithmetic multiplication 
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ADDRESSING MODES 


The SBP9989 instructions contain a variety of available modes for addressing random memory data (e.g., program 
parameters and flags), or formatted memory data (character strings, data lists, etc.). These addressing modes are: 


Workspace Register Addressing 

Workspace Register Indirect Addressing 

Workspace Register Indirect Auto Increment Addressing 
Symbolic (Direct) Addressing 

Indexed Addressing 

Immediate Addressing 

Program Counter Relative Addressing 

CRU Relative Addressing 


0o0o06€«wmWmCUCUUCUNOUlUCUNULCO 


The following figures graphically describe the derivation of the effective address for each addressing mode. The 
applicability of addressing modes to particular instructions is described next along with the description of the operations 
performed by the instruction. The symbols following the names of the addressing modes (R, *R, *R+, @LABEL, or 
@TABLE(R)) are general forms used by 9900 assemblers to select the addressing modes for Register R. 


Workspace Register Addressing...R 
The workspace register addressing mode is specified by setting the 2-bit T field (Ts or Tp) of the instruction word 
equal to 00. Workspace register R contains the operand. 


REGISTER R 


(PC) INSTRUCTION (WP) +2R OPERAND 


Workspace Register Indirect Addressing... *R 
The workspace register indirect addressing mode is specified by setting the 2-bit T field (Ts or Tp) in the instruction 
word equal to 01. Workspace register R contains the address of the operand. 





REGISTER R 


(PC) INSTRUCTION (WP) + 2R ADDRESS OPERAND 


Workspace Register Indirect Auto Increment Addressing... *R+ 
The workspace register indirect auto-increment addressing mode is specified by setting the 2-bit T field (Ts or Tp) in 
the instruction word equal to 11. Workspace register R contains the address of the operand. After the address of the 
operand is acquired, the contents of workspace register R is incremented. 


REGISTER R 


ADDRESS 


B =0, INCREMENT BY 2 
B=1, INCREMENT BY 1 






OPERANO 


(PC) INSTRUCTION (WP) + 2R 
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Symbolic (Direct) Addressing ... @LABEL 
The symbolic addressing mode is specified by setting the 2-bit T field (Ts or Tp) in the instruction word equal to 10 


and setting the corresponding S or D field equal to 0. The word following the instruction contains the address of the 
operand. . 


(PC) INSTRUCTION 
(PC) +2 LABEL OPERAND 


Indexed Addressing ... @TABLE(R) 
The indexed addressing mode is specified by setting the 2-bit T field (Ts or Tp) of the instruction word equal to 10. 


The value in the corresponding S or D field is the register which contains the index value. Register 0 may not be used 
for indexed addressing. 


The word following the instruction contains the base address. Workspace register R contains the index value. The sum 
of the base address and the index value results in the effective address of the operand. 


REGISTER R 








INDEX VALUE 


(PC) INSTRUCTION (WP) + 2 


EFFECTIVE 
ADDRESS 








OPERAND 


(PC) +2 
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immediate Addressing 
The word following the instruction contains the operand. 


(PC) INSTRUCTION 


(PC) +2 OPERAND 


Program Counter Relative Addressing 
The 8-bit signed displacement in the right byte (bits 8-15) of the instruction is multiplied by 2 and added to the updated 
contents of the program counter. The result is placed in the PC. 


JUMP INSTRUCTION 


OP CODE DISP 2 X DISP 
PROGRAM COUNTER pis 


ADDRESS NEXT MEM. WORD 












CRU Relative Addressing 
The 8-bit signed displacement in the right byte of the instruction is added to the CRU base address (bits 3-14 of the 
workspace register 12). The result is the CRU address of the selected CRU bit. 


INSTRUCTION 


OP CODE DISP 












CRU BIT 
ADDRESS 





REGISTER 12 


Poo CRU BASE ADD 


(WP) +2 X 12 
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STATUS REGISTER MANIPULATION 


Various SBP9989 machine instructions affect the status register. The figure below shows the status register bit 
assignments and the following table lists the effects of the instructions on each status bit. 


10 11 12 13 14 15 


SPL Ebr rT rl ltT TLL 
aes MASK VALUE 


ARITHMETIC OVERFLOW ENABLE 


LOGICAL GREATER THAN 
ARITHMETIC GREATER THAN 
EQUAL/TB INDICATOR 
CARRY OUT 
OVERFLOW 


MEMORY MAP ENABLE 
XOP IN PROGRESS 
PARITY 


*These bits are functionally uncommitted and are available to the user. 


TABLE 5. STATUS REGISTER BIT DEFINITIONS 


NAME INSTRUCTION CONDITION TO SET BIT TO 1 









Logical 
Greater 
Than 


ABS, LDCR 
RTWP 
LST 
All others 





Arithmetic 
Greater 
Than 


ABS, LDCR 
RTWP 
LST 


ST2 













If MSB(SA) = 1 and MSB(DA) = 0, or if 
MSB(SA) = MSB(DA) and 
MSB OF [(DA) — (SA)} = 1. 













If MSB(WR) = 1 and MSB of IOP = 0, or if 
MSB(WR) = MSB of IOP and MSB of [IOP — (WR)] = 1. 










if (SA) #0. 

If Bit (0) of WR15 is 1. 

if Bit (0) of selected WR is 1. 
If result # 0. 












If MSB(SA) = 0 and MSB(DA) = 1, or if 
MSB({SA) = MSB(DA) and 
MSB of [(DA) — (SA)] = 1. 


If MSB(WR) = 0 and MSB of IOP = 1, or if 
MSB(WR) = MSB of IOP and MSB of [IOP — (WR)] = 1. 


If MSB(SA) = O and (SA) #0. 
If Bit (1) of WR15 is 1. 
If Bit (1) of selected WR is 1. 


All others If MSB of result = 0 and result # O. 
Equal c,CB if (SA) = (DA). 

Ci If (WR) = 10OP. 

coc If (SA) and (DA) = 

CZC If (SA) and (DA) =O 

TB If CRUIN = 1, 

ABS, LDCR If (SA) =0 

RTWP _ If Bit (2) of WR15 is 1. 

LST If Bit (2) of selected WR is 1. 

All others If result = 0. 
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STATUS REGISTER BIT DEFINITIONS (Continued) 


pert | NAME INSTRUCTION CONDITION TO SET BIT TO 1 


CARRY A, AB, ABS, Al, 


DEC, DECT, INC, 
ST5 
STCR 
















If CARRY OUT = 1, 











If last bit shifted out = 1, 
If Bit (3) of WR15 is 1, 
If Bit (3) of selected WR is 1, 






'f MSB(SA) = MSB(DA) and MSB of result # MSB (DA) 






If MSB(WR) = MSB of IOP and 
MSB of result # MSB(WR). 














if MSB(SA) # MSB(DA) and MSB of result # MSB(DA). 





S, SB 









If MSB(SA) = 1 and MSB of result = 0. 
If MSB(SA) = 0 and MSB of result = 1. 
If MSB changes during shift. 

If MSB(SA) = 0 and MSB(DA) = 1 or if 

MSB(SA) = MSB(DA) and MSB of {(DA) — (SA)] = 0. 


DEC, DECT 
INC, INCT 

SLA 
DIV 













If (SA) = 0000 or if MSB(SA) = MSB(WRO) and 
[275 x (SA)| <WR(O,1). 














If (SA) = 8000,,. 
If Bit (4) of WR15 is 1. 
if Bit (4) of selected WR is 1. 






ABS, NEG 
RTWP 
LST 












If (SA) had odd number of 1’s. 
If 1< C < 8 and (SA) has odd number of 1’s. 






CB, MOVB 
LOCR 








AB,SB,SOCB, SZCB If result has odd number of 1’s. 







If Bit (5) of WR15 is 1. 
If Bit (5) of Selected WR is 1. 
if 1<C< 8 and result has odd number of 1's. 


RTWP 
LST 









If XOP instruction is executed. 
if Bit (6) of WR15 is 1. 
If Bit (6) of selected WR is 1. 















If corresponding bit of WR15 is 1 or 
If corresponding bit of selected WR is 1. 


If Bit (8) of WR15 is 1. 
If Bit (8) of selected WR is 1. 











If Bit (10) of WR15 is 1. 
If Bit (10) of selected WR is 1. 










If corresponding bit of IOP is 1. 
lf corresponding bit of WR15 is 1. 
if corresponding bit of selected WR is 1. 





INCT, NEG, S, SB 
SRL, SRC 
RTWP 
PARITY 
ST6 XOP XOP 
RTWP ; 
T 
T 
MEMORY MAP TWP 
T 
ST10 ARITHMETIC TWP 
T 
ENABLE 
ST12 INTERRUPT LIMI 
THRU MASK RTWP 
ST15 T 


SRA, SLA, 
LST 
LS 
ST7,ST9 . RTWP 
User defined 
or ST11 LS 
R 
LS 
R 
OVERFLOW LS 
LS 
NOTE: Interrupt, LOAD, XOPs, ILLOPs, and RESET operations sets Bits (7 - 11) to 0. 
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Dual-Operand Instructions with Multiple Addressing for Source and Destination Operands 










OP CODE 





34 s{6 7 8 9 
eB] wt | oO 


p10 





lf B = 1, the operands are bytes and the operand addresses are byte addresses. If B = 0, the operands are words and the 
operand addresses are word addresses. The addressing mode for each operand is determined by the T field of that 


operand. 


| SorD ADDRESSING MODE 


Workspace register 
% 


Workspace register indirect 


Symbolic 
Indexed 
Workspace register 


indirect auto-increment 





NOTES: 1. 


When a workspace register is the operand of a byte instruction (Bit (3) = 1), the most significant (left) byte 


(Bits (0-7)) is the operand and the least significant (right) byte (Bits (8-15)) remains unchanged. 


2. Workspace register 0 may not be used for indexing. 


3. The workspace register is incremented by 1 for byte instructions (Bit (3) = 1) and is incremented by 2 for word 


instructions (Bit (3) = 0). 


4, When Ts and Tp = 10, two words are required in addition to the instruction word. The first word is the source 


operand base address and the second word is the destination operand base address. 


RESULT 
COMPARED 
TO0 


MNEMONIC 


mente —_ 
Add bytes 
| 


Subtract bytes 


ee 


ee ce 
es ce 
ce ce 
re ce 
re ce 
Toe fe | vm 
Teo fs | ve 
Ce ee 


110 
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STATUS 
BITS 
AFFECTED 


DESCRIPTION 


(SA) + (DA) > (DA) 


(SA) + (DA) > (DA) 


Compare (SA) to (DA) and set 
appropriate status bits 


Compare (SA) to (DA) and set 
appropriate status bits 


(DA) — (SA) > (DA) 


(DA) — (SA) > (DA) 


(DA) OR (SA) > (DA) 
(DA) OR (SA) > (DA) 


(DA) AND (SA) — (DA) 


0-2 


(DA) AND {SA} > (DA) 


(SA) + (DA) 





0-2,5 (SA) > (DA) 


SBP 9989 
Dual-Operand Instructions with Multiple Addressing for Source Operand and Workspace Register Addressing for the Destination 


fo 72 3 4 8[6 7 8 8] Ne we 
ge eg 









OP CODE 


The addressing mode for the source operand is determined by the Ts field. 


a ee ee ee ADDRESSING MODE 


Workspace register 
Workspace register indirect 
Symbolic 

Indexed 

Workspace register indirect 


auto increment 





NOTES: 1. Workspace register 0 may not be used for indexing. 
2. The workspace register is incremented by 2. 


RESULT STATUS 
OP CODE COMPARED BITS 
AFFECTED 
Compare ones corresponding 001000 
each bit position where 1's are in 
(SA). If so, set ST2. 
Compare zeros corresponding 001001 Test (D) to determine if O's are in 
| each bit position where 1's are in 
(SA), If so, set ST2, | 


: 


Test (D) to determine if 1's are in 


Multiply unsigned (D) by 
unsigned (SA) and place unsigned 
32-bit product in D (most 
significant) and D + 1 (least 
significant). If WR15 is D, the 
next word in memory after WR15 
will be used for the feast- 
significant half of the product. 





DIV Divide If unsigned (SA) is less than or 
equal to unsigned (D), perform no 
operation and set ST4. Otherwise, 
divide unsigned (D) and (D + 1) 
by unsigned (SA). Quotient > (D), 
remainder — (D + 1). If Dis 
WR15, the next word in memory 
after WR15 will be used for the 
remainder. 
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Signed Multiply and Divide Instructions 


0 1 2 3 4 5 6 7 8 9 
OP CODE 


Workspace register 
Workspace register indirect 
Symbolic 

Indexed 

Workspace register indirect 


auto increment 





NOTES: 1. Workspace registers 0 and 1 contain operands used in the signed multiply and divide operations. 
2. Workspace register O may not be used for indexing. 


3. The workspace register is incremented by 2. 


RESULT STATUS 
OP CODE COMPARED BITS DESCRIPTION 
TOO AFFECTED 


Signed Multiply 000000111 Yes 0-2 Multiply signed 2's-complement integer in 
WRO by signed 2's complement integer 
(SA) and place signed 32-bit product in 
WRO (most significant) and WR1 
(least significant) 





DIVS Signed Divide 000000110 Yes 0-2,4 If (SA) = 0000 or if 
MSB (SA) = MSB (WRO) and 
1215 x (SA) <|WR(O, 1)] or if 
MSB (SA) # MSB (WRO) and 
(275 + 1) x (SA)] <IWR(O, 1) set ST4. 
Otherwise, divide signed 2’s-complement 
in integer in WRO and WR11 by the signed 
2's-complement integer (SA) and place the 
signed quotient in WRO and the signed 
remainder in WR1. The sign of the 
quotient is determined by algebraic rules. 
The sign of the remainder is the same as 
the sign of the dividend. 
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Single-Operand Instructions 






















RESULT STATUS 
MEANING OP CODE COMPARED BITS DESCRIPTION 
TOO AFFECTED 









(PC) > (WR11); SA > (PC) 


Branch 0000010001 


Branch and link 0000011010 


2 
fe) 


Pe 
o 






(SA) > (WP); (SA + 2) - (PC); 

(old WP) > (new WR13); 

(old PC) > (new WR14); 

(old ST) > (new WR15); 

the interrupt input (INTREQ) is not tested 


Branch and load 00000170000 
workspace pointer 













upon completion of the BLWP instruction. 









O- (SA) 


(SA) > (SA) 


—(SA) > (SA) 
| (SA)I— (SA) 


Bits (0 - 7) of SA — Bits (8 - 15) of SA; 
Bits (8- 15) of SA—> Bits (0 - 7) of SA. 


(SA) + 1— (SA) 
(SA) + 2— (SA) 


(SA) — 1 (SA) 


0000010011 


2 
re) 


Clear operand 





Set toones — 0000071100 





Invert 0000010101 Yes 0 


Negate 0000010100 Yes 


ay. 
0-4 


‘ 
°o 


ABS Absolute value * 0000011101 


Swap bytes 000001 1011 


INCT Increment by 2 









co) 


0000010110 Yes 


0000010111 Yes 


~< 
“na 


D Decrement 0000011000 


EC 
DECT Decrement by 2 


*Operand is compared to zero for status bit. 
**If additional memory words for the execute instruction are required to define the operands of the instruction located at SA, these words 
will be accessed from PC and the PC will be updated accordingly. The instruction acquisition signal (1!AQ) will not be true when the SBP9989 


e 
- 0000011001 Yes (SA) — 2 (SA) 


0000010010 Execute the instruction at SA. 


: 
oO 





accesses the instruction at SA. Status bits are affected in the normal manner for the instruction executed. 
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CRU Multiple-Bit Instructions 


0 1 2 3 4 5 
OP CODE 


The C field specifies the number of bits to be transferred. If C = 0, 16 bits will be transferred. The CRU base register 
(WR12, Bits 3 - 14) defines the starting CRU bit address. The bits are transferred serially and the CRU address is 
incremented with each bit transfer, although the contents of WR12 are not affected. Ts and S provide multiple mode 
addressing capability for the source operand. If 8 or fewer bits are transferred (1 <C <8), the source address is a byte 
address. If 9 or more bits are transferred (C = 0, C > 9), the source address is a word address. If the source is addressed 
in the workspace register indirect auto increment mode, the workspace register indirect auto increment mode, the 
workspace register is incremented by 1 if 1 <C <8, and is incremented by 2 otherwise. 


RESULT STATUS 
OP CODE | COMPARED BITS DESCRIPTION 
TOO AFFECTED 
Load communication 001100 Yes 0-2, 5* Beginning with LSB of (SA), transfer the 
register specified number of bits from (SA} to 
the CRU. 
Store communication 001101 Yes 0-2, 5* Beginning with LSB of (SA), transfer the 
register specified number of bits from the CRU to 
(SA). Load unfilled bit positions with 0. 


*“STS5 is affected only if1<C <8 














[6 7 8 8] ule ew we 
ss. 1st. 


CRU Single-Bit Instructions 


0 1 2 3 4 5 6 7 8 9 10 11 #12 13 #14 ~= «15 
~ OP CODE SIGNED DISPLACEMENT 


CRU relative addressing is used to address the selected CRU bit. 
penne OP CODE DESCRIPTION 
Set the selected CRU output bit to 1. 


00011110 | s—s*éd:=Cit*éS et the selected CRRU output bit to OO. 


ial If the selected CRU input bit = 1, set ST2 to 1 


If the selected CRU input bit = 0, set ST2 to 0. 













STATUS 
BITS 
AFFECTED 





Test bit 
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Jump Instructions 


0 1 2 3 4 5 6 7 8 9 10 11 #12 #13 #14 ~ «15 
: OP CODE DISPLACEMENT 


Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the status register 
condition is met. Otherwise, no operation occurs and the next instruction is executed since the PC points to the next 
instruction. The displacement field in 2’s-complement form is a word count to be added to PC. Thus, the jump 
instruction has a range of —128 to 127 words from the memory-word address following the jump instruction. No ST 
bits are affected by jump instructions. 


Tmcnowe means | __orcooe | _svaTusnsoisrenconovion ovonore_ 









3 
: 
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Shift Instructions 


RESULT STATUS 
MNEMONIC OP CODE COMPARED BITS 
TOO AFFECTED 
SLA 


Shift left arithmetic 00001010 Shift (WR) left. Fill vacated bit 
positions with 0. 
SRA Shift right arithmetic 00001000 Shift (WR) right. Fill vacated bit 
positicns with original MSB of 
(WR). 
SRC Shift right circular 00001011 Shift (WR) right. Shift previous 
LSB into MSB. 
Shift right logical 00001001 Shift (WR) right. Fill vacated bit 
positions with 0’s. 


Immediate Register Instructions 





OP CODE 


— Ee — 


Add immediate 00000010001 
ANDI AND immediate 00000010010 
Cl 


4 Compare immediate 00000010100 ak 0-2 









STATUS 
BITS 
AFFECTED 





RESULT 
COMPARED 













DESCRIPTION 


(WR) + IOP > (WR) 
(WR) AND IOP — (WR) 


Compare (WR) to IOP and set 
appropriate status bits. 


[(WR)} OR IOP} — (WR) 
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Internal Register Load Immediate Instructions 


[Oo +2 a4 8 67 bo DNB 
OR CODE | a7 









MNEMONIC Meaning | OP CODE DESCRIPTION 

LWPI Load workspace 00000010111 JOP —> (WP), no ST bits affected. 
pointer immediate 

LIMt Load interrupt 0000001 1000 Bits (12 - 15) of IOP > ST (12-15) 
mask immediate 


Internal Register Load and Store Instructions 


0 1 2 3 4 5 6 7 8 9 10 #11 
OP CODE 


STATUS 
MEANING OP CODE BITS DESCRIPTION 
AFFECTED 


00000010110X Ne eaten cal (ST) > (WR) 


X = don't care 



















Extended Operation (XOP) Instruction 





The Ts and S fields provide multiple-mode addressing capability for the source operand. When the XOP is executed, 
ST6 is set and the following transfers occur: 
(4016 + 4 x D) > (WP) 
(4216 +4 x D) > (PC) 
(ST7 - ST11) > 00000 
SA > (New WR11) 
(Old WP) > (New WR13) 
(Old PC) > (New WR14) 
(Old ST) > (New WR15) 
MPEN - 1 


The SBP9989 does not test interrupt requests (INTREQ) upon completion of the XOP instruction. 
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Return Workspace Pointer (RTWP) Instructions 





Ce 
Ce YI 


The RTWP instruction causes the following transfers to occur: 


(WR15) > (ST) 
(WR14) > (PC) 
(WR13) > (WP) 


External Instructions 


5 6 


OP CODE 





External instructions cause the three most significant address lines (AO - A2) to be set to the levels described below, 
address lines A3 - A7 to be set to the 5-bit value specified in the C field of the instruction, the DBIN output to be 
activated, and the CRUCLK line to be pulsed, allowing external control functions to be initiated. 


STATUS 
MNEMoNnIct OP CODE BITS 
AFFECTED 
IDLE . 00000011010 Suspend SBP9989 instruction 
execution until an Interrupt, 
LOAD or RESET occurs 
7-15 


tThe mnemonics associated with these instructions relate to their use in the T1 990/4 minicomputer and have no special significance. 





Microinstruction Cycle 


The SBP9989 includes circuitry which will indicate the completion of a microinstruction cycle. Designated as the 
CYCEND function, it provides CPU status that can simplify system design. The CYCEND output will go to a low logic 
level as aresult of the low-to-high transition of each clock pulse which initiates the last clock cycle of a microinstruction. 


4-116 


SBP 9989 


Instruction Execution Times 


Instruction execution times for the SBP9989 are a function of: 


1) Clock cycle time, tc. 

2) Addressing mode used where operands have multiple addressing mode capability. 
3) Number of wait states required per memory access. 

4) Number of wait states required per CRU operation. 


Table 6 lists the number of clock cycles, memory-access cycles and CRU operations required to execute each SBP9989 
instruction. For instructions with multiple addressing modes for either or both operands, the table lists the number of 
clock cycles and memory-access cycles with all operands addressed in the workspace register mode. To determine the 
additional number of clock cycles and memory-access cycles required for modified addressing, add the appropriate 
values from the referenced table. For the five CRU instructions (i.e., STCR, LDCR, SBO, SBZ, TB), the table lists the 
number of clock cycles assuming no wait states for CRU operations. To determine the additional number of CRU-related 
clock cycles, add one clock cycle for each wait state incurred as the result of a CRU operation. The total execution 
time for an instruction is given by: 


T=tce [Ct + (Wy x MT)] + tc (We x P) 
where: 
T = total instruction execution time; 
tc = clock cycle time; 


Cr = total number of clock cycles (clock cycles for instruction execution plus clock cycles for 
address modification); 


Wm = number of required wait states per memory access; 


My = total number of memory-accesses (memory accesses for instruction execution plus memory 
accesses for address modification); 


P = number of CRU operations; 


Wc = number of required wait states per CRU operation. 


As an example, the instruction MOVB is used in a system with tc = 0.250 us and no wait states are required to access 
memory. Both operands are addressed in the workspace register mode. The instruction execution time is given by: 


T=tc [Cr + (Wy x MTq)] + tc (We x P) 
= 0.250 [12 + (0 x 4)] + 0.250 (0) = 3 us 


lf two wait states per memory access were required, the execution time would become: 
T = 0.250 [12 + (2 x 4)] + 0.250 (0) = 5 uss 
If the source operand were addressed in the symbolic mode and two wait states were required: 
T=tc [Crt + (Wy x MT)] + tc (Wc x P) 
Cr =12+6= 18 


Mr=4+1=5 
T = 0.250 [18 + (2 x 5)] + 0.250 (0) = 7 us 
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CLOCK CYCLES MEMORY CYCLES ADDRESS CRU 
INSTRUCTION SBP9989 A FROM SBP9989 4 FROM MODIFICATION OPERATIONS 
SBP9900A SBP9900A | SOURCE | DEST. p 





A 12 —2 4 Table 1 Table 1 
AB 12 —2 4 Table 1 
ABS: (MSB=0) 10 —2 2 Table 1 
(MSB=1) 14 3 Table 1 
Al 14 4 
ANDI 14 4 
B 6 —2 1 —1 Table 1 
BL 10 —2 2 —1 Table 1 
BLWP 24 —2 6 Table 1 
C 12 —2 3 Table 1 Table 1 
CB 12 —2 3 Table 1 Table 1 
Gil 12 —2 3 
CKOF 10 —2 1 
CKON 10 —2 1 
CLR 8 —2 2 —1 Table 1 
Coc 12 —2 3 Table 1 
CZC 12 —2 3 Table 1 
DEC 10 3 Table 1 
DECT 12 3 Table 1 
DIV: (ST4 is set) 20 +4 4 +1 Table 1 
(ST4 is reset) 56 —38 to —68 6 Table 1 
DIVS: (ST4 is set) 56 new 4 Table 1 
(ST4 is reset) 60 new 6 Table 1 
IDLE 10 —2 1 
INC 10 3 Table 1 
INCT 10 3 Table 1 
INV 10 3 Table 1 
JUMP: (PC is changed) 6 —4 © 1 
(PC is not changed) 6 —2 1 
LDCR: (C=0) 48 —4 3 Table 1 16 
(1<C < 15) 16 +2C 4 3 Table 1 Cc 
Ll 12 3 
LIMI 12 —2 2 
LREX 10 —2 1 
LST 10 new 2 
LWP 10 new 2 
LWPI 12 +2 2 
MOV 10 —4 3 —1 Table 1 Table 1 
MOVB 12 —2 4 Table 1 Table 1 
MPY 52 5 Table 1 
MPYS 56 new 5 Table 1 
NEG 12 3 Table 1 
ORI 14 4 
RSET 10 —2 1 
RTWP 16 +2 4 
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CLOCK CYCLES MEMORY CYCLES ADDRESS CRU 
MODIFICATION 


INSTRUCTION SBP9989 4 FROM SBP9989 4 FROM OPERATIONS 
SBP9S00A SBP9900A SOURCE DEST. P 


Ss . —2 Table 1 Table 1 
SB Table 1 Table 1 
SBO 
SBZ 
SETO Table 1 
SHIFTS: 
(C40) 
(C=O, Bits (12 - 15) 
of WRO = 0) 
(C=0, Bits (12 - 15) 
of WRO # 0) 
SOc 
SOCB 
STCR: (C=0) 
(1<C <8) 
(9<C< 15) 


Table 1 Table 1 
Table 1 Table 1 
Table 1 

Table 1 

Table 1 

STST 

STWP 

SWPB 

SZC 

SZCB 

TB 

K** 

XOP 

XOR 

Reset function 


Table 1 
Table 1 Table 1 
Table 1 Table 1 


Table 1 


Table 1 


4 
4 
4 
4 
4 
4 
2 
2 
3 
4 
4 
2 
1 
7 
4 
5 
5 


Load function 

Interrupt 

Context Switch 
UNDEFINED OP CODES: 
00001,g-007F 76 
00A016-017F 16 

03201 5-033F 16 
078046-07FFi6¢ 


0C001g-0FFFi¢ 





*Execution time is added to the execution time of the source address. 
**Execution time includes time to perform a trap (i.e., subroutine call) operation resulting from XIPP being inactive. 
NOTE 1: The number of clock cycles is twenty plus twice the value of Bits (12 - 15) of WRO. 
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TABLE 1. ADDRESS MODIFICATION 


CLOCK CYCLES 


| SBP9989 A FROM 









ADDRESSING MODE 








MEMORY 
CYCLES 





SBP9900A 







WR (Ts or Tp = 00) 
WR indirect (Ts or Tp = 01) 

WR indirect auto-increment (Ts or Tp = 11) 
Symbolic (Tg or Tp = 10, S or D = 0) 
Indexed (Ts or Tp = 10, S or D = 0) 








Leaving a Hold State 


When the SBP9989 leaves a hold state, the time required for the signals to return to their proper levels is different from 
the other delay times. This difference is on the order of 10 to 20 nanoseconds. If your system does not use hold states 
or can tolerate the longer delay times, there will be no problems. If these delay times are too long, add a wait state at 
the end of a hold state to allow the signals to come to their proper levels as shown in Figure 8. 


There is a maximum delay 
ADDR VALID of 200 ns for these signals 
- to return to valid levels on 

leaving a hold state. 








see MPEN VALID 
HOLDA 
Aciven a ee, ee DATA VALID 
by 
external 
device eae Se eet a, MEMEN VALID 
Pree eens. el? ee DBIN VALID 
— = IAQ VALID 
HOLDA 
HOLD 
Vv NORMAL OPERATION 
INA HOLD 
STATE 


TRANSITION 
' PERIOD 
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POWER SOURCE 
12L is a current-injected logic. When the injector and ground pins are placed across a curve tracer, the processor V-| 
characteristic will resemble that of a silicon diode. Although any voltage or current source capable of supplying the 
desired current at the injector voltage required will suffice, a regulated current source is recommended. This is because 
the injector voltage will vary over the temperature range. One approach to a suitable, highly stable regulator is shown 
in the figure below. 


500 





4 
_ NOMINAL 
Y 
LU 
i 
a 300 
= 
< 
ad 
- 
zs 200 
Oo 
L 
100 
0 
0 0.25 0.5 0.75 1.0 1.25 1.5 
Ving — VOLTS 
5VTO8V 


UNREGULATED DC 









LM117 
VOLTAGE 32 
IN REGULATOR out 


a 





SBP9989 





VSUPPLY 
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SBP 9989 
PROCESSING 


These devices are processed in accordance with Method 5004 of MIL-STD-883B. 
ELECTRICAL DATA 


EQUIVALENT SCHEMATICS 


EQUIVALENT OF EACH INPUT EQUIVALENT OF EACH INPUT/OUTPUT TYPICAL OF ALL OUTPUTS 


INPUT/OUTPUT 


OUTPUT 
2 Req : 


CLOCK: = Reg = 5k2 
ALL OTHER: Reg = 10 k& 


Reg 





RECOMMENDED OPERATING CONDITIONS 


NOM MAX | UNIT 


Supply current, |cc 

High-level output voltage, Voy 
Low-level output current, lo. 
Clock frequency, felock 

Width of clock pulse, ty, 

Clock rise time, ty 

Clock fall time, t¢ 


Setup time, tsy 


Hold time, tp 





Operating free-air temperature, TA SBP9989NJ, SBP99B9NFD | 55 (iB | CCC 


PRODUCT PREVIEW 
This document contains information on 
a product under development. Texas 
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SBP 9989 
ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING TEMPERATURE RANGE 


Vik Input clamp volte —SSCSCS~S~*dC NOM, mA | SSC | 


1/O Pins icc = NOM, 
IOH High-level output current 
Other outputs 










Vit = 0.7, 


Icc = NOM, Vip =2V, 
VOL Low-level output voltage V 
Vit =0.7V, lol = 16 mA 
I | t t leas | NOM V 2.4 V A 
nput curren = ; = 2; Li 









injector voltage 





lcc = NOM 





VINJ 





TFor test conditions shown as NOM, see the appropriate value under Recommended Operating Conditions. 


SWITCHING CHARACTERISTICS OVER RECOMMENDED OPERATING TEMPERATURE RANGE 


PARAMETEP_[ FROM [To ~—~—~=S*drCTEST.CONDITIONS [MIN TP MAX] UNIT 


. Address bus (AO - A14) 






















Memory map enable (MPEN) 
Data bus (DO - D15) 

Write enable (WE) 

Cycle end (CYCEND) 

Data bus in (DBIN) 

Memory enable (MEMEN) 
tCRU clock (CRUCLK) 
+CRU clock (CRUCLK) 

CRU data out (CRUOUT) 
Hold acknowledge (HOLDA) 
Wait 

Instruction Acquisition (IAQ) 
Multiprocessor interlock (MPILCK) 
Interrupt acknowledge (INTACK) 
Address bus (AO - A14) 
Memory map enable (MPEN) 
Data bus (DO - D15) 

Memory enable (MEMEN) 
Data bus in (DBIN) 
Instruction Acquisition (1AQ) 










Cy = 100 pF 




























When leaving 
a Hold State, 
C_ = 100 pF 







Vcc =5V 


RL = 300 2 


FROM ANY 
OUTPUT 
T C, = 100 pF 
PRODUCT PREVIEW 
This document contains information SWITCHING-TIME LOAD CIRCUIT 
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SBP 9989 
64-PIN CERAMIC DUAL-IN-LINE PACKAGE 


INDEX AREA 









0.900 (22,86) 
0.880 (22,35) 
3.232 (80,106) 
3.168 {80,47} 
 eL CL 
0.900 + 0.010 
(22,86 + 0.25) 0.225 (5, aed Oe . 
0.060 (1,52) 
SE (0,51) ib 
__ SEATING 
0.008 (0,20) om 
0.013 (0 2.008 (0201 pil SEE : 0.070 (1,77) se NOTE 2 oeoest s1_,| 
0.165 (4,19) 4 PLACES 
0,100 (2,54) 
NOTES: 1. Dimensions are in inches and parenthetically in millimeters. 
2. Pin spacing is .100 (2.54 mm) between centerlines. Each pin centerline shall be located within 
+.010 (.25 mm) of its exact longitudinal position relative to pin 1 and 64. 
68-TERMINAL CHIP CARRIER 
INFORMATION AVAILABLE SOON 
PRODUCT PREVIEW 
This document contains information on 
. a product under development. Texas 
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Miscellaneous 
9900 Family 
Products 
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SBP/TMS 9900 TRANSPORTABLE CROSS-SUPPORT SOFTWARE 
PRODUCT DESCRIPTION 


e PACKAGING 


The SBP/TMS 9900 transportable cross-support package, which is now available for sales and distribution, is composed of three 
distinct products: 9900 Cross Assembler, Simulator, and ROM Utility. The part number for the package is TMSWI01T-18. 
The Product Name is TMS 9900 Transportable Cross-Support Software. Initially, the package will be manufactured only 
on ¥% inch, 9 track PE encoded (1BM compatible) magnetic tape recorded at 1600 BPI. The tape will be un-labeled, 
un-blocked with 80 ASCII bytes per data record and will contain 13] files. The first file on the tape is a data file which 
contains: 


a) A one-time descriptor for each file on the tape 
b) A bill of materials (to verify that the complete package has been received), and 
c)  Anerrata list of problems and known solutions for the software version on that tape. 


Each file on the tape is terminated by an EOF mark except for the last file which is terminated with a double EOF to indicate 
end-of-logical tape. 


Included in the shipping package is a User Manual for each of the three programs and an Installation Manual covering each of 
the three programs (4 manuals, total). 


e OPERATING ENVIRONMENT 


The programs are written to conform to ANSI STANDARD X3.0 (1966) 16-BIT FORTRAN and are designed to execute on 
any minicomputer with the following minimum characteristics. 


1) ANSI STANDARD X3.0 (1966) 16-BIT FORTRAN COMPILER 
2) | Two’s complement arithmetic 

3) Disc capacity for up to 7 simultaneously active sequential files. 
4) A 20K-word user program-memory partition. 


To date, the package has been extensively tested on the TI 990/10 under DX10V2.2, DEC PDP11/10 under RSX-11M 
(FIN IV PLUS), and System 370/160 under MVS. 


e 9900 CROSS ASSEMBLER DESCRIPTION 


The SBP/TMS 9900 Assembly Language source is translated by the 9900 Cross Assembler into relocatable linkable SBP/ 
TMS 9900 Object module format. Both the source input and the object output are fully compatible with the AMPL Proto- 
type Development System. 


e SBP/TMS 9900 SIMULATOR DESCRIPTION 


Object modules generated by the Cross Assembler along with “link-control” statements are input to the first stage of the 
simulator. The output from this stage, an absolute, non-relocatable load module, plus simulation/debug control statements 
to the second stage of simulation. This stage may be operated in “batchmode”’ or interactively (e.g., the simulation/debug 
control stream is entered to the Simulator from a Keyboard/Display device). In this second phase of Simulation the user’s 
program logic is verified and the program’s performance characteristics are ascertained. Performance parameterization is 
supported for considerations such as target system clock speed, memory characteristics, and I/O part descriptions. Debug 
features include multiple breakpoints, full instruction trace and snapshots, plus the normal inspect/modify for CPU registers. 
All program references may be made symbolically, using symbols defined in the user’s source program. 


e ROM UTILITY DESCRIPTION 


When the application program has been satisfactorily verified, the object module may be input to the ROM Utility Program 
for translation into a format acceptable for production of a gate placement program (preparatory to mass production). 
Alternatively, the utility may be used to generate a BNPF formatted file which may be input to a PROM Programmer (DATA 
I/O) to produce a PROM version of the program. In all, there are 12 acceptable input formats and 12 output formats in 
support of the TMS 1000 and the SBP/TMS 9900 microprocessors. 
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AMPL...A COMPLETE MICROPROCESSOR PROTOTYPING LAB 


The AMPL* Microprocessor Prototyping Lab combines the high performance 990 computer with the low-cost flexibility of 
the floppy disk to provide a complete microprocessor prototyping lab. The AMPL lab provides in-circuit emulation support, 
logic-state trace and analysis, read-only memory implementation aids, and SBP 9900A software development support. This 
microprocessor lab provides the user a dedicated design center where 9900-based systems can be developed in an integrated 
software-hardware design and debug sequence. Substantial savings in design cost and design time in each phase of new product 
development is ensured with this system. 


Multi-AMPL Systems: Highest performance . . . lowest cost per user 


An entire team can now develop software and hardware simultaneously using a single system. The hard-disk Multi-AMPL* 
Systems from Texas Instruments allow as many as eight program designers to work at the same time. Software investment 
per user is reduced by maintaining a single data base, program time is cut drastically, and the lowest possible cost per user 
is achieved. 


Multi-AMPL Systems are available in three configurations designed to meet particular needs. Each system is a complete set of 
software and hardware tools providing multiple processor emulation and concurrent multi-task operation: compile, assemble, 
debug, edit, print. Also included are data and address trace, data and address breakpoints, a high-level debug and test 
procedure language, and EPROM and PROM programming. The systems support Microprocessor Pascal, Component Software, 
and Fortran languages. 


AMPL SYSTEMS 


DESCRIPTION MULTI-AMPL PACKAGED SYSTEMS SINGLE-USER SYSTEM 
TMAM9010 TMAM9020 TMAM9040 TMAMS000 


Main Memory (BYTES) 256K 256K 320K 


Total Disk Storage 
. 18.8M 89.4M 
(Formatted BYTES) 













No. of Disk Drives TOUALI aouAN__[____2? | 2 0s 
Fixed Disk Storage 14.7 2 


Removable Disk 
; 4 2-4.M 2-44.7M 2-1. 
Storage (BYTES) . 1.1M 


7M 
No, Terminals Included a 
AMPL Station Link 


Multi-Amplus O.S. 
Software 


Macro Assembler 
In-Circuit Emulation Support 




















AMPL Utility 9900 Amplus 
Diagnostic Assembler 
Text Editor AMPL Utility 

Link Editor 


PROM Programming Utility 


The SBP 9900A in-circuit emulation feature includes the SBP 9900A emulator, SBP 9900A buffer, and SBP 9900A target 
connector. This feature allows the SBP 9900A microprocessor-based system design engineer to simulate his target system by 
utilizing the dedicated 4096 words of emulator memory and the SBP 9900A microprocessor emulator. All functions of the 
proposed system can be simulated except input/output, and benchmark data can be tabulated. 


SBP 9900A emulation is designed to aid the design engineer through each stage of his prototype implementation. Emulation 
control provided by the FS9900 system allows the design engineer to step through the developed code, setting breakpoints 
and instruction traces to start/stop tests at desired points within his code. 


Two significant advantages included in the emulation feature are the use of dedicated emulator memory and the ability under 
interactive software control to switch back and forth between target system memory and emulator memory. The dedicated 
4096 16-bit words of emulator memory provides a significant speed advantage over systems which utilize host system memory 
on a cycle-stealing basis. The faster, dedicated emulator is designed so that this dedicated memory can have precedence over 
target system memory so that even after target system memory is implemented, 9900 code changes can be quickly evaluated 
and tested before implementing this change in target system ROM/PROM. 
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Logic-State Trace 
The logic-state trace feature adds a dramatic new dimension to the integration and checkout of the target system. 


The AMPL system trace/emulation features interactive on-line control and analysis to provide fast data reduction and pro- 
grammable emulation control based on the results of this analysis. 


The trace feature can be interconnected with the emulator module or it can utilize the general-purpose Trace Data Probe. 
When interconnected to the emulator, the design engineer can trace 256 events of both address and 16-bit data. The Trace 
Data Probe provides 20 individual logic-line trace probes. 


These probes can be used by the design engineer to trace any TTL logic lines desired in his target system. The sampling rate 
can be controlled by a 10-megahertz internal clock or by an external clock up to 10 megahertz. Of the 20 trace probes, 4 
have a special glitch latch feature and can detect noise pulses down to 10 nanoseconds in width. 


In addition to the 20 trace data probes, 4 general-purpose trace clock qualifier probes are provided to allow the user to pre- 
qualify trace conditions based on logic-state conditions within his target system. By using the interactive programming 
features within the host system, the design engineer can define procedures and functions to automatically process incoming 
trace data from these events, perform data reduction looking for defined conditions, display or print only the desired results, 
or branch into other emulation/trace procedures. Thus, for example the design engineer can set qualifying conditions and 
start trace and emulation in a continuous cycle while looking for those random troublesome noise glitches. Upon detecting a 


glitch, the trace/emulation cycle can be programmed to pause momentarily, analyze and print conditions, and then continue gee 


the trace/emulation sequence looking for the next glitch. This feature can mean tremendous savings in manpower and design 
checkout time since the full speed and power of the 990 computer is processing the problem. 
Microprocessor Pascal System 


TI’s Microprocessor Pascal system, developed for the 16-bit 9900 Family, provides an increased applications capability and 
decreases development time. TI Microprocessor Pascal is third-generation Pascal resulting from TI’s pioneering efforts with 
the language. It allows designers to solve applications problems without becoming involved with the intricacies of machine 
architecture. The code is easier to write, document, read, and modify, and results in fewer programming errors. Direct CRU 
commands are available for direct bit and byte manipulation. Microprocessor Pascal has concurrency extensions particularly 
suitable for realtime multitasking applications. 


TI’s Microprocessor Pascal system consists of five parts: 


e Source Editor — Specifically designed to create/edit Pascal programs and check program syntax before compila- 
tion. 


e Compiler — Compiles conventional Pascal programs as well as TI’s Pascal concurrent extensions into interpretive 
code, which can then be executed directly or converted to 9900 native machine code. 


e Host Debugger — More than 15 options for tracing variables and modifying data. 


e Configurator — Enables the target system to retain only the part of the runtime support necessary for program 
execution. 


e Run-Time Support — Both interpretive and native-code execution provide a speed/memory tradeoff. 


4-129 





4-130 


Programmable 
Logic Arrays 
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FIELD- TYPES FP5S4ALSI16L8, FPS4ALSI6R8, FPS4ALS1TOR6, FPS4ALSIOR4 
PROGRAMMABLE FP74ALS16L8, FP74ALSI6R8, FP74ALSI6R6, FP74ALS]6R4 
LOGIC FIXED-OR ARRAYS 


* ALS VERSIONS OF 4 POPULAR PAL®* J OR N PACKAGE (TOP VIEW) 
DEVICES ‘ALSI6LB ‘ALS16R4 


TWICE AS FAST, TYPICAL PROPAGATION 
DELAY - - - 12Ns 


[IDENTICAL PROGRAMMING PROCEDURE 
PIN FOR PIN COMPATIBLE 
DESCRIPTION 


THESE FIXED-OR ARRAYS (THREE-STATE 
OUTPUTS) COMBINE THE ADVANCED Low-PowER 
SCHOTTKY TECHNOLOGY WITH PROVEN [IW FUSE 
LINKS TO PROVIDE A RELIABLE, HIGH~ 
PERFORMANCE REPLACEMENT FOR CONVENTIONAL 
TTL, WITH THE ADVANTAGE OF QUICK DESIGN 
CHANGES AND MORE COMPACT BOARDS.- 


THE DEVICES WITH REGISTERS STORE THE 
OUTPUT OF THE AND-OR ARRAY ON THE 
LOW-TO~HIGH TRANSITION OF THE CLOCK. 


ORDERING NEORNATION 
i 


FP 7uals 16 8 6 W 
"PREFIX Wo a ok a 
FP-STANDARD PREFIX {| | | | -| 
FPJ-Mit. Stp 8838 Pe a oe 

4 - 09C to /00C ( ft | | 

BH er OOL 10.1 2o°e | i | 
ALS ~- ApvANcEeD Low-Power | | 


SCHOTTKY PROCESS | 

* NUMBER OF ARRAY INPUTS __[{ 

* OUTPUT TYPES: _t 
L - ACTIVE Low 


| 
R - REGISTERED | [STRUCTURED DestGn{ SD-20/24 | | 
* NUMBER OF SPECIAL OUTPUTS __{ | | 


| | | System 19 

* PACKAGE TYPE l (Data I/0 Corp. | 919-1427 (715-1428-2 | 
| PRO-LOG CorP- | PM9068 | | 
CiTeEL Co- Sys_3/,CP3/-1 
HONTRON CORP - | MPP 80 ! | 


iStaG Systems Inc-{ PM202-2 - l | 


| PART # | DESCRIPTION | 
| ALSI6L8 jOCTAL J6-INPUT AND-OR-INVERT GATE ARRAY | 
ALSI6R8_jOCTAL 16-INPUT REGISTERED AND-OR GATE ARRAY 


{ ALOLONO [iCA JOT INT UT REGLOT ERED ANUTUN GALE _ARKAT _{ 
L’ALST6R4 jQUAD 16-INPUT REGISTERED AND-OR GATE ARRAY | 


T_______ PROGRANERS 
j WANUFACTORER” | PERSONALITY | SOCKET. 


DAPTOR 


*PAL IS THE REGISTERED TRADEMARK OF MoNOLITHIC MEMoRIES, INC. 





PRODUCT PREVIEW 
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‘ ENCORPORATED 
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discontinue this product without notice. POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 
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TYPES FP5S4ALSI6L8, FPS4ALSI6R8, FP54ALSI6R6, FPS4ALSI6R4 
SS ay eel FP74ALS16R6, FP74ALS16R4 













FIXED-OR AR | 
ABSOLUTE MAXIMUM RATINGS 
SUPPLY VOLTAGE,. VCC /V 
INPUT VOLTAGE 5.5V 
OFF-STATE OUTPUT VOLTAGE 5 5V 
STORAGE TEMPERATURE ~ : -65° to 150°C 
RECOMMENDED OPERATING CONDITIONS 
| FPSYALS" TF P/4HALS' 
Se tt 
| Vcc SUPPLY VOLTAGE ——i—‘“‘its;w™~™~*~*~*~*~*~™”:C*dYS*C‘S 5 554.75 5. 5-25] V 
| ToH HIGH-LEVEL OUTPUT CURRENT  —s— {| —r—“—*ws™*~™~—s—s—ssid‘CLSC(§RNNRRNNNNNNW- =. H |_ MA 
| Tou Low-LEVEL OUTPUT CURRENT —ss—s—— — CUd| t—“—*ws~s~™~—*—C—C—C—~dYd‘YC MA 
| TA OPERATING FREE-AIR TEMPERATURE ——————[-55 1275/0 70: 0 


ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED 


: ] | FPS4ALS" [ FP/4ALS' | 
7PARATEIER | TEST CONDITIONS dL 
IH HIGH-LEVEL INPUT 
Re ed a 
Vit LOW-LEVEL INPUT VOLTAGE]  —s—s—s—ss—i“(‘(rw’w’swTChUTLtC“‘S SOV 
Vik INPUT CLAMP VOLTAGE [Vcc = MIN, Ir = -18mA 
VoH HIGH-LEVEL OUTPUT ~ (Vcc = MIN, Vir = MAX, 2-4 5.2 2st 5.5 V 
VOLTAGE oH = MAX, VIH = 2V 


VoL LOW-LEVEL OUTPUT Vec = MIN, VIH = 2V, 0.25 0.4 0-35 0-5; V 
ee sae ee, 2 are Were. ©: 
INPUT VOL TAGE . ayn yey ; cor 
1H HIGH-LEVEL INPUT CC = a = 7. 
ee ee et 


[iL LOW-LEVEL INPUT CURRENT Vee = MAX Vit = 0.4V 


O OUTPUT CURRENT Vo=22V = 15-=55 bo 
OZH OFF-STATE OUTPUT Vec=MAX,ViH=2V [0 PINS 
CURRENT, HIGH-LEVEL VIL=-8V,Vo=2./V uA 
VOLTAGE APPLIED I/O PINS 100 100 
loz. OFF-STATE OUTPUT Vec=MAX,VIH=2V, {10 PINS -20 -20 
CURRENT, LOW-LEVEL VIL=-8V,Vo=0-4V uA 
VOLTAGE APPLIED PINS; sss -100] = - 100 
Cc SUPPLY CURRENT Vcc=MAX, Vi=0V, 110 210 110 180 
OUTPUTS OPEN 16R8,6,4 115 225 115 190] mA 
"ALL TYPICAL VALUES ARE AT Vcc = 5 V, JA = 25° 
SCHEMATICS OF INPUTS AND OUTPUTS 


EQUIVALENT OF EACH INPUT TYPICAL OF OUTPUTS 
Vcc 


10 k2 NOM Vec —-— 


50 2. NOM 


OUTPUT 
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TYPES FPS4ALS16L8, FPS4ALSI6R8, FPS4ALS16R6, FPS4ALSI6R4 
FP74ALSI6L8, FP74ALS16R3, FP74ALSI6R6, FP74ALSI6R4 
FIXED-OR ARRAYS 


MIN MAX [UNTT 
P55 | Maz | 


LOCK FREQUENCY, FCLOCK 


ETUP TIME FROM INPUT OR FEEDBACK, TSU 
HOLD TIME, TH 












FPOYALS -P74ALS 
PARAMETER TEST CONDITIONS MIN TYP MAXIMIN TYP MAX 


FMAX |MAXIMUM CLOCK FREQUENCY 55 55 


NON-REGISTERED OUTPUT | 


















TPHL Ri = 667 oHM To VCC 
CL = Y5pF 
| TPLH oes TO OUTPUT OR 
FEEDBACK 
TPHL O 


TPZH |QUTPUT ENABLE TIME 
FROM Q 
TPZL |NoT APPLICABLE To ‘16L8 


{THE {OUTPUT DISABLE TIME | 
FROM OE | Ri = 667 onM To Vcc 
TPLZ |Not APPLICALBE To ‘16L8 | Cy = 5SPF 


| TPZH nella ENABLE TIME | 
FROM [ INPUT 


Tezt _{NoT APPLICABLE To ‘16R8 


TPHZ |OUTPUT DISABLE TIME 
FROM | INPUT 
TPLZ |NoT APPLICABLE To ‘16R8 


ie) 


PROGRAMMING PARAMETERS, IA = 25°C 










ARAM Y MIN NOM MAX [UNIT 
VIHH | PROGRAM-LEVEL INPUT VOLTAGE 1 11.5: 171 VI 
IIHH PROGRAM-LEVEL INPUT CURRENT Re eee Sa 





OUTPUT PROGRAM PULSE 
PUE, L/Ro 
ALL OTHER INPUTS 


























CCH PROGRAM SUPPLY CURRENT CQ 
TP PROGRAM PULSE WIDTH 10 50 
[tT ~—SESEDELAY TIME ——“(‘(‘(‘(‘;;;WTTT LL LLLLULULULULULULULULUhLhLhLhUmdL0G | 
TDV JELAY TIME TO VERIFY 
PROGRAM PULSE DUTY CYCLE eee eee 
| ______VERIFY-PROTECT-INPUT VOLTAGE ————“‘(™COC*;*;*#*C(*d: SCO? D2 | NE 
VERIFY-PROTECT-INPUT CURRENT a a 
| Ms | 


VERIFY-PROTECT~PULSE WIDTH 2() 50 
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TYPES FPS4ALS16L8, FPS4ALSI6R8, FPS4ALSI6R6, FPS4ALSI6R4, 
FP74ALSI6L8, FP74ALSI6R8, FP74ALS16R6, FP74ALSI6R4 
FIXED-OR ARRAYS 


Fae EP I NB a Eg ee 


Programming Procedure 


The fuses are programmed uSing a low-voltage linear-select procedure. The 

array is divided into two groups, products 0 thru 31 and products 32 thru 

63, for which pin identifications are shown in the pin configurations on following 
page. Jo program a particular fuse, both an input line and a product line are 
selected according to the following procedure: 


Step 1 Raise Output Enable, OE, to Vyyp. 

Step 2 Select an input line by applying voltages to Io, Ij, I2, 13, I4, co I¢; 
I7, and L/R, as shown in Table 1. 

Step 3. Select a product line by applying voltages to Ag, Ay, and Ag as shown in - 
Table 2. 

Step 4 Raise Vcc (pin 20) to Vyyp. 

Step 5 Program the fuse by pulsing the output 03, 02, 01, or O00 of the 
selected product group to VrHH as shown in Table 2. 

Step 6 Lower Vcc (pin 20) to 6.0 V. 

Step 7 Pulse the CLOCK pin and verify the output pin, 03, 02, 01, or 00 to be 
Low. 

Step 8 Lower Vcc (pin 20) to 4.5 V and repeat step 7. 

Step 9 Should the output not verify, repeat steps 1 thru 8 up to five (5) times. 


This procedure is repeated for all fuses to be blown (see Programming Waveforms). 


To prevent further verification, two last fuses may be blown by raising pin 1 and 
pin 11 to Vp. Vec is not required during this operation. 


Voltage Legend: 
L = Low-level input voltage, Vy, HH 


High-level program, Vyyy 
H = High-level input voltage, Vry Z 


High impedance (e.g., 10 kilohms to 5 V) 


SAO WMH OO 
wee ewe ew ee ee 
WWW WOO) OG) WD 


vs 
Z 
Z 
Zz 
Zz 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Zz 
Z 
Zz 
Z 
ra 
Z 
Z 
Z 
Zz 


NON NN ONNNON N NONON ON  PS 





TABLE 1 INPUT LINE SELECT TABLE 2 PRODUCT LINE SELECT 
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TYPES FP54ALSI6L8, FPS4ALSI6R8, FPS4ALSI6R6, FPS4ALSI6OR4 
FP74ALS16L8, FP74ALS16R8, FP74ALS16R6, FP74ALSI6R4 
FIXED-OR ARRAYS 


FIRE TN 5 I ae LE SBE Waa V EU na Lt ie SR NPS aR GSS I Ea a ST Na SS aE SD RGN RT a Nd Se 


PIN CONFIGURATIONS FOR PROGRAMMING ONLY 
PRODUCTS O THRU 31 
Vee 00 O1 O02 O03 AD AL A2 L/R CLK 
20) 1191 |18! [I7t 116) 115) [14t 173) [12] [it 


PRODUCTS 32 THRU 63 
Vec L/AR AO AL A2 OO OL O02 O03 OE 
20) 119] 118l 1i7) 16! 115) T4) 113t [12t |) 


a es a a as) am) 
CLK 610) OT. 12ST 5 GOT SGD 


PROGRAMMING WAVEFORMS 


VIL 


d ty 
as; : 1 | 
sais u | 
VCC 5.0V 6. aa 
ke tp | ty as 4.5v— 
VKH 
VOL 


Vin 


CLOCK 


talt talt 
Vib : ous 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





5-7 


TYPES FP54ALSI6L8, FP/4ALSI6L8 


FIXED-OR ARRAYS 


LOGIC DIAGRAM 


as 


l2 
1 


I9 
18 
17 
16 
I5 
14 
[3 


P: 
¢ 


a 


Oo n| Joo Ww} |~o mlig —j iw OI lO n| |co w} {o nN) 


A A l A ls ls ls rX 
ra 


™) wn nm co a co Oo 


881 
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FIXED-OR ARRAYS 


TYPES FPS4ALSI6R8, FP/4ALSI6BR8 


LOGIC DIAGRAM 





I9 
12 


© > 0 wo t 0 





KS me A 
| 62 | c2 | 6 al 
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FIXED-OR ARRAYS 
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FIELD- 
PROGRAMMABLE TYPES FP54LS333, FP54L$335, FP74LS333, FP74LS555 
LOGIC FIELD-PROGRAMMABLE LOGIC SEQUENCERS 





“= 45 ns TYPICAL INPUT to OUTPUT JT on NT PACKAGE 


PROPAGATION DELAY (TOP VIEW) 
* — 24-PIN, 300-mit SLIM LINE PACKAGES 
IZ | | Vcc 
* LOW-POWER, 350 mW TYPICAL POWER : 
DISSIPATION 7 12 25| 19 
* 12 INPUT VARIABLES | I6 |5 22| 110 
* $2 PRODUCT TERMS I5 | 4 ZV BY GE? 
* — 6-BIT OUTPUT LATCH | | I4 [5 20| PL 
* —4-BIT STATE REGISTER 13 | 6 19| PM 
DESCRIPTION [2 | S| LE 
THE ‘LS333 (THREE-STATE OUTPUTS) AND THE ‘LS335 Ble Wee 17| CEl 
(OPEN-COLLECTOR OUTPUTS) ARE Low-Power SCHOTTKY 
BIPOLAR ITIL FIELD-PROGRAMMABLE LOGIC SEQUENCERS Id |9 16] F5 
DESIGNED TO SOLVE STATE-MACHINE PROBLEMS OF THE 
MEALY TYPE- THEY CONTAIN FOUR COMPLETELY BURIED FO 10 | FY 
J-K FLIP-FLOPS IN THE FEEDBATH PATH BETWEEN THE 
OR anp AND MATRICES- JHE COMMON CLOCK AND CLEAR Fl [11 14| F3 
LINES ARE ALSO PROGRAMMABLE BY SEPARATE OR TERMS, 
IN ADDITION TO THE FOUR J INPUTS AND FOUR K GND 112 13| F2 
INPUTS- 
THE OUTPUT-FUNCTION LEVELS ARE STORED BY A COMMON 
ASYNCHRONOUS LATCH ENABLE PIN (LE) THAT CONTROLS 
THE 6-BIT OUTPUT TRANSPARENT LATCHES- 
Pin 21 IS A USER PROGRAMMABLE OPTION: FUNCTIONAL BLOCK DIAGRAM 
IT MUST BE PROGRAMMED TO FUNCTION AS (POSITIVE LOGIC) 
A 12TH INPUT OR AS A CHIP ENABLE 
AND’ED WITH PIN 17 FoR 3-STATE LE 
CONTROL OF THE OUTPUTS- AN AUTO cE 


CHIP~ENABLE OPTION FOR EXPANSION OF 
TERMS IS AVAILABLE THROUGH THE 
MANUFACTURER- 


THE PROGRAM MODE (PM), AND THE 
PROGRAM LATCH (PL) PINS ARE UNIQUE 
PROGRAMMING CONTROL INPUTS THAT CE2/01 
SIMPLIFY THE PROGRAMMING PROCEDURE 

AS DESCRIBED LATER» IHESE PINS ARE 

TO BE GROUNDED DURING NORMAL DEVICE 
OPERATION- 


10-110 





“denotes fused inputs. 
¥ ‘'LS333 has 3-state (7) outputs; ‘LS335 has open-collector { @) outputs. 
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TYPES FP54LS333, FP54LS335, FP74LS333, FP74LS335 
FIELD-PROGRAMMABLE LOGIC SEQUENCERS 





ABSOLUTE MAXIMUM RATINGS 














SUPPLY VOLTAGE, VCC /V 
INPUT VOLTAGE /V 
OFF-STATE OUTPUT VOLTAGE 5. 
STORAGE TEMPERATURE -65° to 150°C 
ee 63 eee eee 
a a eS 
4.5 55 SS 565] 
FS ee ORE et Se RP 
| LOL LOW-LEVEL OUTPUT CURRENT Td PUMA 
-55 oe ee ae (0) ae 





ae eee Poa pe ge OVER RECOMMENDED OPERATING FREE~AIR TEMPERATURE RANGE 


Lewes | est anni ap 
PARAMETER TEST CONDITIONS TPR TYP mcf Mr 


ViH_ HIGH-LEVEL INPUT VOLTAGE |  _—_—s_—satwsr—s—s isd Tl PD ed 













Vit LOW-LEVEL INPUT VOLTAGE a ee 
Vik INPUT CLAMP VOLTAGE Vec= =-]mA 










VoH HIGH-LEVEL OUTPUT VOLTAGE | Vcc=MIN, ve oNG 
retro | HS ae 31 [2a 30) 
VI 
0.25 


NPUT CURRENT AT MAXIMUM 
INPUT VOLTAGE 


-l 
0 
IL LOW-LEVEL INPUT CURRENT Vec=iiA 
Vit=0. i amet — 

20 










ae 













ee -15 -5 
HIGH-LEVEL VOLTAGE APPLIED] Vo= 7 
loz. OFF-STATE OUTPUT CURRENT, | Vcc= in CE1a2V, — Dail 
LOW-LEVEL VOLTAGE APPLIED fone -20| uA 
Icc SUPPLY CURRENT Vec=M 


ALL ee ee =(V /0 70 MA 
L TYPICAL VALUES ARE AT Vcc = A=? 
















DAR AN ~. 


TPLH, TPHL INPUT TO OUTPUT 
TPLH, TPHL CLOCK TO OUTPUT 


TPXZ, TPZX E TO OUTPUT 
TPLH, TPHL {F TO OUTPUT 
TPXZ, TPZX AUTO CHIP ENABLE TO OUTPUT 
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TYPES FP54LS333, FP54LS335, FP74LS333, FP74LS335 

FIELD-PROGRAMMABLE LOGIC SEQUENCERS 

PROGRAMMING PARAMETERS = 25°C 

| 10 10-5 J] 


CCH PROGRAM SUPPLY CURRENT | S00 MA 


TP PROGRAM PULSE WIDTH 100 000 
TR ___ PROGRAM PULSE RISE TIME 
PROGRAM PULSE DUTY CYCLE a ee a ee 


Programming Procedure 
Til 










grammed true) by applying TTL 
logic levels to inputs I0-14 
using the addresses in Table 1. 
Apply Vihh to I5-I11. 

Step 3: Address the product term. 


If pin 21 is to function as CE2, both 
AND/AND links at each of the 32 product. 
terms must be fused per AND matrix pro- 

gramming procedure creating a don't care 


for input I11. If _it is to become the Step 4: a) Ramp PL to Vihh. 
12th data input, CE2 is removed as b) Disable inputs I0-I4 with 
follows: Vihh. 


to 0 V. d) Return PL to OV. 
Step 2: Apply Vihh to I0-I11. Step 5: Repeat 2-4 for all other Q/Q AND 
Step 3: Address product term 45 by input lines and product terms. 
applying its binary code to out- 
puts F5 to FO with FO as LSB, 
using TTL logic levels, H=1 & 
L=0. and GND to O V. 
Step 4: a) Ramp PL to Vihh. Step 2: Select the output function or f/f 
b) Pulse Vcc to Vihh. | input line by applying TTL logic 


Step 1: Set Vcc to 5 V, PM, PL, & GND c) Pulse Vcc to Vihh. 


OR MATRIX 
Step 1: Set Vcc to 5 V, PM to Vihh, PL 





c) Lower Vcc to 5 V. levels to inputs IO to 14 using 
the addresses in Table 1. Apply 








AND MATRIX, input variables O to 11 Vihh to I5-I11. 

Step 1: Set Vcc to 5V,PM,PL,& GND to 0 V.| Step 3: Ramp PL to 5 V. 

Step 2: Latch out f/f outputs by applying| Step 4: Disable inputs I0-I4 with Vihh. 
Vih to [0-14 and raising PL to Step 5: Address the product term. 
5V. Step 6: Pulse Vcc to Vihh. 

Step 3: Apply the true logic level to the| Step 7: Repeat 5-6 for each of the pro- 
input to be programmed and raise duct terms to be false in the 
all remaining inputs to Vihh. addressed output function or 

Step 4: Address the product term to be f/f input line. 
programmed (0-31). Step 8: Return PL to 0-V. 

Step 5: a) Ramp program latch (PL) to Step 9: Repeat 2-8 for each output 

Vihh. function and f/f input: line. 


b) Pulse Vcc to Vihh for a MAX 
of 1 ms (35% duty cycle). 
c) Return PL to 5 V. 


TABLE 1 
Step 6: Disable the programmed input 


5 a ee 
tas 


ADDR 















=r 


with Vihh. 
Step 7: Repeat 3-6 for all other input 
variables and product terms. 


AND MATRIX, Feedback input lines 0/0 
Step 1: Set Vcc to 5 V, PM, PL, & GND 

to 0 V. 
Step 2: Select the F/F output (to be pro- 





= =| a ol ed oe od en tl 
Pa ng eats aba See Se aS OS el eed eed ee we es eel aed 
ie os > A el ol od = So Es > ol ld 
fo le od al a= mim ol el = Sd ed gm mem ot el 
Pieoket. sheaf. chef oes ol Sof ofr 
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FIELD-PROGRAMMABLE LOGIC SEQUENCERS 


LOGIC DIAGRAM 


31 


Oo 
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~ denotes fused inputs. 


* ‘LS333 has 3-state (V7) outputs; ‘LS335 has open-collector (©) outputs. 
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FIELD- TYPES FP54AS839, FPS4AS840, FP74AS839, FP74AS840 
ae 14 X 32 X 6 FIELD-PROGRAMMABLE LOGIC ARRAYS 
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JT or NT PACKAGE 
(TOP VIEW) 


* 10 ns TYPICAL INPUT to OUTPUT 
PROPAGATION DELAY 


“  24-pin, 300-miL SLIM LINE PACKAGES 
“725 mW TYPICAL POWER DISSIPATION 
“PROGRAMMABLE OUTPUT POLARITY 
LOGIC FUNCTION 
F = PotP]+---++Pz] FOR POLARITY 
LINK INTACT. 
F = Pg*P]*---"P3] FOR POLARITY 
LINK OPEN 


WHERE Pg THRU PZ] ARE PRODUCT TERMS 
OF INPUT VARIABLES Ig THRU 1]3 





DESCRIPTION 


THE “AS839 (THREE-STATE OUTPUTS) AND THE ‘AS840 (oPEN-COLLECTOR OUTPUTS) ARE 
ADVANCED SCHOTTKY BIPOLAR TIL FIELD-PROGRAMMABLE LOGIC ARRAYS, CONTAINING 32 
PRODUCT TERMS (AND TERMS), AND 6 SuM TERMS (OR TERMS). EACH OF THE 6 SUM-OF- 
PRODUCTS OUTPUT FUNCTIONS CAN BE PROGRAMMED EITHER TRUE ACTIVE-HIGH OR TRUE 
ACTIVE~LOW- JHE TRUE OF EACH OUTPUT FUNCTION IS ACTIVATED BY THE PROGRAMMED 
LOGICAL MINTERMS OF 14 OR LESS INPUT VARIABLES- THE OUTPUTS ARE CONTROLLED 
BY TWO CHIP-ENABLE PINS ALLOWING OUTPUT INHIBIT AND EXPANSION OF TERMS- 


‘THESE DEVICES ARE IDEALLY SUITED FOR HIGH-SPEED DATA PATH LOGIC REPLACEMENT, 


WHERE SEVERAL CONVENTIONAL SSI FUNCTIONS CAN BE DESIGNED INTO A SINGLE PACKAGE- 


THE FP54AS839 AND FP54AS840 ARE CHARACTERIZED FOR OPERATION OVER THE FULL 


MILITARY TEMPERATURE RANGE OF -55°C To 125°C. Tue FP74AS839 ann FP74AS34U0 ARE 
CHARACTERIZED FOR OPERATION FROM 0°C To 70°C 


SCHEMATICS OF INPUTS AND OUTPUTS 
EQUIVALENT OF EACH INPUT TYPICAL OF OUTPUTS OF ‘AS839 TYPICAL OF OUTPUTS OF ‘AS840 


Veco 
10 k2 NOM -— Vcc 
50 2 NOM 
OUTPUT 


OUTPUT 


PRODUCT PREVIEW 
This document contains information TEXAS ] NSTRUMENTS 


on a product under development. Texas 

: INCORPORATED 
Instruments reserves the right to change or 
discontinue this product without notice. POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 
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TYPES FP54AS839, FP54AS840, FP74AS839, FP74AS840 
FIELD-PROGRAMMABLE LOGIC ARRAYS 





ABSOLUTE MAXIMUM RATINGS 


SUPPLY VOLTAGE, VCC /V 
INPUT VOLTAGE 5 .5V 
OFF-STATE OUTPUT VOLTAGE 5 bY 
STORAGE TEMPERATURE -65° to 150°C 


OMMENDED OPERATING CONDITIONS 
















Sa inmcan FP74AS CH fu 
PARAMETER NOM MAX TUNIT 
| Vcc. SupPLY VOLTAGE. ———— F/™_OCS*F7/ ee a Eh oh Bn 
Cfo Hees eve oureur mpg ha 
| To. LOW-LEVEL OUTPUT CURRENT ——— {TC r—“‘(‘; SF OTL CUM 
te eee reece eee 


ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE~AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) 


PARAMETER TEST CONDITION NIT 


VIH IGH-LEVEL 
INPUT VOLTAGE 


2 2 V 
VIL OW"LEVEL 
PE ep ef 
VOLTAGE =152 


VOH HIGHTLEVEL 





OUTPUT VOLTAGE Ion = = “2 « Cae Vin “~t 2-4 5.2 Die 5c V 

OUTPUT VOLTAGE To. = 48mMA, VIn = “" 0-25 0.5 0.37 0.5; V 
I] [INPUT CURRENT AT {Vcc = MAX, Vin = 5. vt oa 

MAX INPUT VOLTAGE O-] 0-1) MA 

CURRENT 20 20{ vA 

CURRENT -0-4{ mA 

Vo = 2.25V -15 33 Ue “15 _ -35 -65 

io UFF-STATE OUTPUT cc = MAX, VIH = 2V, 

CURRENT, HIGH"LEVEL{VIL = 0. QV, Vo = 2-/V : 

VOLTAGE APPLIED 20 20{_vA 
OZL OUFF-STATE OUTPUT cc = Oe 





VOLTAGE APPLIED -?0! vA 


Ee pure AT SV 145 145 MA 


*NL TYPICAL VALUES ARE AT Vcc = 5 V, Ta = 25°C 
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TYPES FP54AS839, FPS4AS840, FP74AS839, FP74AS840 
FIELD-PROGRAMMABLE LOGIC ARRAYS 








PARAMETER INPUT TEST CONDITIONS MINTY AK “typ MAX A-1VP AK “typ MAX {U 


OUTPUT FUSE INTACT, 






TPLH Ri =300 OHMS TO GND, 


pie 











UUTPUT FUSE OPEN, 










TPLH Rk} =500 OHMS To GND, 
| 7 { CL=50PF To GND | NS | 
TPHL | 12 12 
| TPZH | | : | 6 | 6 : | 
| | | —_ | {NS | 
EP ZE tt | RU= =500 oHMs To Vv, | 6 | 6 | | 
po j Pin 1 oR 13 | RL9=500 OHMS To GND, | | | 
A i) rb | | C_=50PF TO GND — | 6 | Beauly 
| | | | | bees 
TPLZ 6 6 





PROGRAMMING PARAMETERS, [A = 25°C | 
| | | | | 


PARAMETER MIN NOM MAX | UNIT 

| VIHH POLARITY AND FUSE ENABLE i, | 
PROGRAM-LEVEL INPUT VOLTAGE 20 V 

| ITHH = PROGRAM~LEVEL INPUT CURRENT eorbeity OUTPUT 100 


——, 


| - 100 MA 
VcCCcH POLARITY VERIFY-LEVEL SUPPLY, ! | 
| 


| ‘OR’ PROGRAM/VERIFY-LEVEL 


| 
| 
| SUPPLY | (-r ee | 
| Vcc PROGRAM/ VERIFY~LEVEL | | | | 
| 
| 


| Vcc SUPPLY VOLTAGE | | 5 | V 


| VccL POLARITY PROGRAM~LEVEL Vcc | | 
| SUPPLY VOLTAGE | ae 
Biles AND/" OR" PROGRAM SUPPLY | | | 
| CURRENT | | (0-5 Ws aa 
| VIX NPUT DISABLE VOLTAGE, | | | 
| | 
| | 


| CE2 PROGRAM ENABLE LEVEL, 
| OR’ PROGRAM-LEVEL INPUT 


VOL TAGE 10 V 
! [1x INPUT CURRENT | [INPUT VARIABLES 7 
| CE? | | 5 


| | MA 
PROGRAM OUTPUT 
| TP PROGRAM PULSE WIDTH | Uk2 | LOO | US | 
TD DELAY TIME 10 US 
| TR RISE TIME | ! 25 | US : 
PROGRAMMING PULSE DUTY CYCLE 50, 4% | 


a ih ihe SSS it 
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TYPES FP54AS839, FP54AS840, FP74AS839, FP74AS840 
FIELD-PROGRAMMABLE LOGIC ARRAYS 
a 


PROGRAMMING PROCEDURE 


(Load all output pins with a 10-kilohm resistor to 5V, set GND (pin 12) to OV) 


PROGRAM OUTPUT POLARITY 


Program the output polarity before 


programming either the AND matrix or the 
OR matrix. 


A virgin device has all of 


its 6 outputs set to active high. When 
the polarity link of an output is fused, 
that output function becomes active low. 
Note that all outputs of a virgin device] 


are at a low logic level. 


Program one 


output at a time as follows: 


Step 1: 
Step 2: 


Step 3: 


Step 4: 


VERIFY OUTPUT POLARITY 


Step 1: 
Step 2: 
Step 3: 


Step 4: 


Step 5: 


PROGRAM 'AND' MATRIX 


Program each input separately for each 
product term, one fuse at a time. 
Unused terms do not require fusing, 
however, all input variables of a 
Selected product term must be program- 
med either true, complement, or don't 
care (both links are blown), as follows: 


(aa PERE SELES ATS OS TID TT EPL ET OC I A 


to VriyH and remove after tp. 


to be programmed active low. 


while an output at Vo; has 


Set CE]/FE (pin 1) to OV. 


Set Vcc (pin 24) to OV, set CE 


(pin 13) and Ig to 113 to Vy. 
Pulse the appropriate output 


Repeat step 4 for each output 


Set CE)/FE (pin 1) to OV; 

set Vcc (pin 24) to Vcc. 
Enable the device by applying 
Vip to CE9, (pin 13). 

Set all inputs Ip thru 1}3 to 
VIH- 

Sense the logic state of all 6 
outputs. An output at Voy has 
been programmed active low, 


remained active high. 
Remove Vcc. 


—_—_——_— SS Se 8. ee ee eS, 











Step 1: 
Vec (pin 24) to 5V. 
Step 2: 
ViH to CE (pin 13). 
Step 3: 


Step 4: 


for 71". 
least significant bit. 
Step 5: 


Step 
Step 


“SOD 


Step 8: 
to OV. 
Step 9: 


Step 10: 
input. 
Step ll: 
product term. 


VERIFY ‘AND' MATRIX 


Step 1: Set CE]/FE (pin 1) to OV; set 
Vec (pin 24) to 5V. 

Step 2: Enable Fs5 output by setting 
CE9 to Vix 

Step 3: Disable all inputs by applying 
Vix to inputs Ig thru 1j3. 

Step 4: Address the product term to be 
verified (0-31) by applying 
its corresponding binary code 
on outputs Fo thru Fq. 

Step 5: Lower the input voltage on the 


first input to Vyy and check 
the logic level of output Fs, 
then lower the same input to Vy, 
and again check the level of 


TEXAS INSTRUMENTS 
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Set CE]/FE (pin 1) to OV; set 
Disable all outputs by applying 


Disable all inputs by applying 
Vry to inputs Ig thru 113. 
Address the product term to he 
programmed (0 thru 31) by 
applying its binary code (Vyy 
Vit for 'O') to out- 
puts Fg thru Fa with Fg as the 


Lower the voltage on the first 
input to Vip for a true, or to 
Vip for the complement. 

After td, raise CE,/FE to VyHH. 
After additional td, pulse the 
CE> input to Vyy for tp. 
After a td delay, lower CEj/FE 


Disable programmed input by 
raising it back to Vyy. 
Repeat steps 5-9 for each 


Repeat steps 4-10 for each 
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TYPES FP54AS839, FP54AS840, FP74AS839, FP/74AS840 
FIELD-PROGRAMMABLE LOGIC ARRAYS 
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PROGRAMMING PROCEDURE (CONT. ) 


F5. The input variable state 
contained in the product term 














is determined from the fol low- 
ing table: (Note that two Step 5: 
tests are required to verify Step 6: 
the programmed state of each 
variable). | Step 7: 
| 
Step 8: 
ven 
— 
VERIFY 
Step 6: Disable verified input by | 
raising it back to Vyy. | Step 1: 
Step 7: Repeat steps 5-6 for all | Step 2: 
other inputs. | 
Step 8: Repeat steps 4-7 for all | Step 3: 
other product terms. 
| Step 4: 
PROGRAM 'OR' MATRIX | 
If the product term is contained in | 
the output function, no fusing is | Step 5: 
needed. Unwanted terms are deleted 
by programming one at a time, as Step 6: 
follows: 
Step 1: Set CE,/FE (pin 1) to OV. | 
Step 2: Disable the outputs by setting| 
CEa (pin 13) to Vqp. 
Step 3: Wait td and raise Vcc (pin 24) 
to the program level, Vccy. 
Step 4: 


address the product term 


Use the inputs Ig thru I5 to | 
(0-31) that is to be removed | 
| 





by applying the corresponding 
binary code with input Ig as 
the LSB. 
Raise the output pin_to Vry. 
Wait td, then raise CE,/FE to 
VIHH« ee 
Wait td, then pulse CEo to Vry 
for a period of tp. __ 
Wait td, then lower CEj/FE to OV 
Wait td, then remove Vyy from 
output pin. | 

: Repeat steps 5-9 for all other 
output functions. 

: Repeat steps 4-10 for all other 
product terms. 

: Lower Vcc to SV. 


‘OR' MATRIX 


Set CE,/FE (pin 1) to OV. 
Disable the outputs by setting 
CE> to Vin. 

Wait td and set Vcc (pin 24) 
to the verify level, Vcc. 
Address the product term to be 
verified (0-31) by applying 
its binary code to inputs Iq 
thru Is. =e 

Wait td, and set CE9 (pin 13) 
to VIL. 

Sense the state of all 6 
outputs Fo thru Fs to determine 
the status of the ‘OR' matrix 


from the following table: 






OUTPUT 
ACTIVE | ACTIVE [ ‘OR’ 
[ H FUSED 
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TYPES FP54AS839, FPS4AS840, FP74AS839, FP74AS840 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


PROGRAMMING WAVEFORMS 
OUTPUT POLARITY 

















Vec cele pcg verify cae 
CE, I ViH oe 

ViL 
Foss VIHH 

OV = 

pause 

AND MATRIX 
Eyre LL 
CE2 

ve — im o— 
I-13 ie Z, _— Ly WM 
roa Vi ine 
2 ease Seem Haste 
OR pei 
cEy/re = a a 


vad : 
a: IX 
oH mealies oe 


Vin Sere 
Io-s Vie eae SE (ee neers 77 - 
Vix , 
Fo-5 VoH-t 
VoL 
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_FTELD- PROGRAMMABLE LOGIC ARRAYS 


LOGIC DIAGRAM 
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GATES AND EXPANDERS 


POSITIVE-NAND GATES AND INVERTERS 


TECHNOLOGY. 
pecarvon [ree feTaalas| [ [ise 


im 
Hex 2-input Gates le | 
a 

ee 

|| 














PAGE 
No.t 
texters | Oe 


| 1000 _| 
Triple 3-lnput Gates aI 
| ‘1020 _| 







Quadruple 2-Input Gates | ‘00 | - 
S-264 
: xa fe je le je | T58 | 
pe | | ft |] $-236 | 
T5-10 
Dual 4-Input Gates ce {fe fete fe] $-240 
pe | | | | ft S§-266 | 
8-Input Gates | 30 


75-38 
Tes NeUE Gates | 133 | a ae eS $-255 


POSITIVE-NAND GATES AND INVERTERS WITH OPEN-COLLECTOR OUTPUTS 


TECHNOLOGY 
DESCRIPTION 


Quadruple 2-Input Gates 


T5-7 
$-231 


Triple 3-Input Gates T5-9 
§-238 


Dual 4-Input Gates T9-11 


$-242 
DESCRIPTION 


Hex 2-Input Gates 


Quadruple 2-Input Gates 
T5-11 
Triple 3-Input Gates §-237 


T5-11 
Dual 4-Input Gates S.241 


: S-273 


DESCRIPTION 


Hex 2-Input Gates 


Quadruple 2-Input Gates 


Triple 4-Input OR/NOR 








POSITIVE-NOR GATES 


DESCRIPTION Type [STD 
| oescnirrion | rvre Tr | Ats 


Hex 2-Input Gates | '805 | 


Quadruple 2-Input Gates } 02 | 
| “1002 | 


Triple 3-Input Gates ‘27 
Duai 4-Input Gates 
With Strobe 
| _260 | 


Dual 5-Input Gates 












TECHNOLOGY 
DESCRIPTION TYPE 20D ALS fas | ts | s | NO. 

Hex inverters F_ tk te ff eft 1593 
RL ae es 

Dual 4-Input Positive- | 13 | ce [CU TBD 
NAND | ee ee 
Quadruple 2-Input Positive. [ ‘24 [TT TS 
NAND | w32 | oe | Ut CU ef 537 | 





Dual 2-\Wide 2-Input 


DESCRIPTION TYPE | ais | as 
Baer a 


4-Wide 4-2-3-2-tnput | 65 | 


DESCRIPTION TYPE 


email I 
With Strobe 
| “52 | 
| ’S3 | 
| “55 | 





4-Wide AND-OR 
4-Wide AND-OR-Invert 
2-Wide AND-OR- Invert 


Dual 2-Wide AND-OR- 
Invert 


DESCRIPTION 
| Dual 4-tnput 


3-2-2-3-Input AND-OR 


DESCRIPTION 
pHex 


T Page numbers with “T” preceding them refer to pages in The TTL Data Book for Design Engineers, second edition. Those with “S”’ preceding 
them refer to the 1987 Supplement to the TTL Data Book for Design Engineers, second edition. Those with no letter prefix refer to pages 


in this book, 
@ Denotes available technology. 
A Denotes planned new products. 
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BUFFERS, DRIVERS, BUS TRANSCEIVERS, AND INTERFACE GATES 


FUNCTIONAL INDEX/SELECTION GUIDE 


BUFFERS, CLOCK/MEMORY DRIVERS 





Quad 2-Input Positive-NOR 


Dual 4-Input Positive-NAND 


Line Driver/Memory Driver 
{Has Series Damping Resistor) 

Line Driver/Memory Driver 

Quad 2-Input Positive-NAND 


b 


sauce fs 


Quad 2-Input Positive-NOR 
Quad 2-Input Positive-AND 
riple 3-Input Positive-NAND V10 
riple 3-Input Positive-AND 
Dual 4-Input Positive-NAND "1020 


| 05] 05] 03109 1O 
a|SId/9]/9 
OO] BINS 





DESCRIPTION OF 
OUTPUT 


Low 
Power 
12 mA/24 mA Sink 


Very 
Low 
Power 


Low 
Power 


Very 
Low 


12 mA/24 mA/ 
48 mA Sink 


Registered With Multiplexed 
12/24 mA Outputs 


inverting 12/24 mA 
Sink 


in this book. 
Denotes available technology. 


Denotes very low power. 


TECHNOLOGY PAGE 
ce ad 2 
ee ae ae ee ee ee 


Denotes planned new products, 





— ; T5-13 
ence ae Oe Pe oe 


me eS 
S-248 
ee eae 
cata Bee 
peel 7S-264 


Denotes ‘A’ suffix version available in the technology indicated, 












BUFFER AND INTERFACE GATES WITH OPEN-COLLECTOR OUTPUTS 


GATES, BUFFERS, DRIVERS, AND BUS TRANSCEIVERS WITH 
3-STATE OUTPUTS 


DESCRIPTION TYP 


12-Input NAND Gate 


Quadruple Bus Buffers/ 
Drivers With Independent 
Output Controls 


m 


Hex Buffers/Drivers 


Octat Bus Buffers/Drivers 


Controller and Bus Driver 
for 8080A System 

Quadruple Transceivers 
inverting 3-State Output "124 

Quadruple Transceivers 
Non-Inverting 3-State Output| ’124 


Quadruple Transceivers 
With Storage 


Octal Transceivers 


Octal Buffer 3-State 


tnv. Octal Buffer 3-State 


Le) ~ ! 
| 


Ny 

& 
GO), bo 
* 


for] 
~ 


‘468 


TYPE 
DESCRIPTION OF 
OUTPUT 
- For 8080A Systems 


Quad With Bit-Direction 
Controls 


Quad Tridirection 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


”n 
pa 
1] 


+ 
-+ 
r 





-_ 
~d 
Ww 
a 
© 





Page numbers with “T”’ preceding them refer to pages in The TTL Data Book for Design Engineers, second edition. Those with “S" preceding 
them refer to the 1981 Supplement to the TTL Data Book for Design Engineers, second edition. Those with no letter prefix refer to pages 
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FLIP-FLOPS, LATCHES, MULTIVIBRATORS, CLOCK GENERATORS AND OSCILLATORS 


DUAL AND SINGLE FLIP-FLOPS 


TECHNOLOGY 
DESCRIPTION TYPE ay ats] As | 








TECHNOLOGY PAGE 









| 73 | 
|_ “103 | 

j_pesenienon | 
DESCRIPTION 





Dual J-K Edge-Triggered 


3-State 
Inverting Transparent 3-State 


|_3-State_| 


i 
had 
Be 
ia 
| 
| 
|__| Ts: 
li : Transparent 
ie | 
|| 
|| 


a el 
Single J-K Edge-Triggered | “101 | =| oe | 
| ‘102 | 


aaa 
DUehhe ee Leese a 
07 |e LO_OLo 

Saati Ft tt tet 


Dual J-K With Data 
Moot | te | TT | TT [588 
Single J-K With Data 
Lockout He ee 
‘ T5-22 
Dual D-Type de 


QUAD AND HEX FLIP-FLOPS 


OUT- 
DESCRIPTION TYPE 
® 


o.| aa 
roo] 379 
a} 74 
root 175 
Co] 276" 














DESCRIPTION TYPE 
put ae 





D Type With Clear 


D Type With Enable — 
6 4 
4 | 
J-K, Separate Clocks | 4 | 

; | 4 | 




















: 
J-K, Common Clock ee Dual! Pulse Synchronizers po 
Drivers 
Crystal-Controlled Oscillators 331 —— 
pescription | ourut | tvee [STD] ST Eigital Phase Locke Eeee — 
fas | ts | Programmable Frequency F '292 | 
7 Dividers/Digital Timers | ‘294 | a eee 
True Data | State | 374 [| ee ee Triple 4-Input AND/NAND ' 
Pier peet pete ese at ABTA) | | 
True Data With Clea ; i . 
| True Data With Gear [~35iete| are te pt ee oh Oey ti a 
True Data With Enable ‘377 |! r [fe | pce 
|_Inverting | State [576 [| is ee 
Inverting With Preset 3-State | ‘876 | pat | 





[No _ | 





DESCRIPTION 


Multi-Mode Buffered 


Addressable 
Transparent 


7 Yes 
No 
Yes 








Dual 4-Bit With 
Independent Enable 











Dual 2-Bit With 
Independent Enable 


Quad 5-R 





T Page numbers with “‘T” preceding them refer to pages in The TTL Data Book for Design Engineers, second edition. Those with “'S“‘ preceding 
them refer to the 7987 Supplement to the TTL Data Book for Design Engineers, second edition, Those with no letter prefix refer to pages 
in this book, 

@® Denotes available technology. 


> 


Denotes “‘A” suffix version available in the technology indicated. 
A Denotes planned new products. 
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REGISTERS AND COUNTERS 


REGISTER FILES 


TECHNOLOGY PAGE 


Eight Words of Two Bits | 172 | « |_| | | 17.288 
Four Words of Four Bits T7970 | © | 17-237 


[ll 
Four Words of Four Bits ‘670 
(3-State Outputs) 
X4- 1 YS 

























SHIFT REGISTERS 


TWO. [MODES | ane 
caer BEG Bal tse] RSE 
Pee bl ideal TTT aT Too 










Parallel-tn, LX | 
Parallet-Out 
(Bidirectional) 













Parallel-In 
Parallel-Out, 
Registered Outputs 










Parallel-in, 
Parallel-Out 










= ea 

Serial-In, rae_[x]_{x]x{e7ay | | [ te! 

Parallet-Out 8 ixXt [ tT 64, e [fT fe fe [ [17-206 
Paraliekin 116 [x] (Xx! je | 

aoa ie ee 

ix] [XTX] “wef e TT TT 

Serial-In, 18 (xt {| { ft 91] 

Serial-Out | 4 IX} {xf [94] 





Serial-In, Parallel-Out Shift 
Registers With Storage 


Parallel!-tn, Serial-Out Shift 
Register With Storage 

1/0 Ports Provide Parallel 
Shift Register Outputs & 
Multiplexed Serial Data 
Inputs 


DESCRIPTION 


Quadruple Multiplexers 
With Storage 


8-Bit Universal Shift 
Registers 


Quadruple Bus-Buffer 
Registers 


Octal Storage Register 





ACCUMULATOR REGISTERS/SCALERS 


j_pescmiion ais] as [1s 


No. {__ MODES _| 
DESCRIPTION oF [eT- TYPE 
arrs Pats fe[ eve fas 
Xx X | x BE 






PAGE 
No.t 









| 8 [Xt [XX] ‘322 | 
Expandable Multifunction 
Binary/Hexadecimal XIX|XIX ] ‘894 
Scaler 





SYNCHRONOUS COUNTERS — POSITIVE-EDGE TRIGGERED 


TECHNOLOGY 
PARALLEL 
DESCRIPTION LOAD TYPE 


STD 
eas|as [es 
ae 
| A 
















PAGE 
No.t 























|} Sync ft “160 fT eo Pa toe | PAT T7190 | 
[Syne [162 [a ta | [A] © [17-190] 
Decade ‘ees | TTC Ct 5179 
| Sync | ‘690 TT TC 8277 
P Sync "e92 J S277 | 
p__Sync | S60 Tt TT 
| Sync | 168 | ts tk | 7-226 | 
Decade Up/Down -—asyne__}_ 92 Je fa | fe to] 306 _| 
|__ Sync | 69g | TT S277 
[Sync eos Te DT S27 
Secade Rate [Sync fT “568 Tc TT 
ecade Kate _ 1 Async . 
mae a ce a 
ync_ | ter{e [a [a | | A | | T7190, 
4-Bit Binary | Sync | 6TT ta TU 
|__ Sync ff “669 TTT Ce S179 | 
| sync fT oot TT TT S27 
| Sync] 693 TT S217 
| Syne | “169 Tt ep | A Te [17-226 | 
| Async [ “191 f @ f a Tf [J e [| — [7-296 | 
Abie Binary Upl |= otvee ee fe ee ee | ete 
Down | Sync] S69 CU TU UT 
| Syne | 697 TT CUT CC S217 
p__Sync 699 fT Pye Jl S277 | 
6-Bit Binary 
ral fee TP 
Multiplier, N2 
| B-Bit UP/Down gine |_| et Se 
sept dt CUE AT TT S280 








ASYNCHRONOUS COUNTERS (RIPPLE CLOCK) — NEGATIVE-EDGE TRIGGERED 






















pescription | PARALLEL | ype FetDT Toe or PAGE 
ass [re [pyaar fe [| 

| _Setto9 | 90] Al |. [ele | [172 
Decaia | Ves = 6 fe. fe  -259 
| Ves, | ‘196 { eo | UTC ef 17-331 

r Set-Too | 290} 7° || 1 | « | 117-423) 

| None | ‘93; A | | jefe ff 17-72 | 

4-Bit Binary es fT 177 Te 77-2597] 

ly Yes | 197 |e | |__| 1.» Le 117-331 | 

| _None__| pe | tT te | 77-423 | 

Divide-By-12_| None] ACL ae Pe 
Dual Decade }___ None | pe | 6 UC CT T7-489 

pe fe 7-520 

Dual 4-Bit Binary | = None — | |e | | | [e ][ [77-489 | 





TYPE 
DESCRIPTION OF 
OUTPUT 


Parallel Register | 3-State [ ‘590 | 
Outputs oc 581 
| Parallel Register Inputs |  2-State {| ‘592 _ | 





Tt Page numbers with “T”’ preceding them refer to pages in The TTL Data Book for Design Engineers, second edition, Those with “S” preceding 
them refer to the 7987 Supplement to the TTL Data Book for Design Engineers, second edition. Those with no letter prefix refer to pages 


in this book. 

SR = shift right, S-L = shift left. 

Denotes available technology. 

Denotes “A” suffix version available in the technology indicated, 
Denotes "B’’ suffix version available in the technology indicated. 
Denotes planned new products, 
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DECODERS, ENCODERS, CODE CONVERTERS, AND DATA SELECTORS/MULTIPLEXERS 


DECODERS/DEMULTIPLEXERS 


TYPE TECHNOLOGY PAGE 
DESCRIPTION OF TYPE |] STD t 
OUTPUT TTL faus|as | u | ts | s_ No; 
sate [1 te! 


4-To-16 | 2-State_| |e | PL 77-171 
| oc | 159] ¢ | | | | [| 17-188 
4-To-10 BCD-To-Decimal | f[e]e |{ | 47-15 


| 2-State | ‘427 Al 
‘roma Leem[ el [ [Te[ | [rm 
To-Decimal 
eee [zowe] «lal | [| | [ew 


To-Decima! 
iS 
137 


















3-To-8 | 2State | “138 [| «4 | UT Ue Te [17-134 













| a-State [ ‘538[ [a [| OT TT 

a ee ee 

Dual 2-To-4 | 2State[ ‘155f ¢ | [| [ fe | 
PF Oc [| ‘567 6¢ | {7 [| [e | | 

| Dual 1-To-4 Decoders] -3-State | ‘539/ [| «| | [ [| | 








OFF-STATE TECHNOLOGY 
DESCRIPTION OUTPUT | TYPE [STD] arc 
VOLTAGE TTL 
fF BOM] 457 6 | 
BCD-To-Decimal | 










BCD-To-Seven-Segment 








DESCRIPTION 






BCD Counter/4-Bit Latch/BCD-To- — 
Decimal Decoder/Driver 

BCD Counter/4-Bit Latch/BCD-To- 
Seven-Seqment Decoder/Led Driver 

BCD Counter/4-Bit Latch/BCD-To- 

Seven-Segment Decoder/Lamp Driver 









DATA SELECTORS/MULTIPLEXERS 


j_eesenrion oh 
DESCRIPTION OF 
OUTPUT 
ieTet_ Tata | 
[Dual &-To-t State 


Dual 4-To-1 


Octal 2-To-1 With Storage 


Quad 2-To-1t With Storage 


Quadruple 2-To-1 








Full BCD 
Cascadable Octal 
Cascadable Octal With 3-State Outputs 


4-Bit Cascadable With Registers 























6-Line-BCD To 6-Line Binary, Or 4-Line To 4-Line 
BCD 9’s/BCD 10’s Converters 

6-Bit-Binary To 6-Bit-BCD Converters 

BCD-To-Binary Converters 

Binary-To-BCD Converters 








8 9 10 #11 12 «13 14 


RESULTANT DISPLAYS USING ’246, ’247, ‘248, ‘249, ‘LS247, ‘LS248, ‘LS249, ‘LS447 





0 1 2 3 4 Ss) 6 


8 9 10 11 #12 «13 14 


RESULTANT DISPLAYS USING ‘143, ‘144 


0 1 2 3 4 5 6 7 8 


9 


tT Page numbers with “‘T” preceding them refer to pages in The TTL Data Book for Design Engineers, second edition. Those with ‘‘S"' preceding 
them refer to the 7987 Supplement to the TTL Data Book for Design Engineers, second edition. Those with no letter prefix refer to pages 


in this book, 
Denotes available technology. 


> e 


Denotes “A” suffix version available in the technology indicated. 
Denotes planned new products. 
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ARITHMETIC CIRCUITS, ERROR DETECTION CIRCUITS, PROCESSORS AND CONTROLLERS 


PARALLEL BINARY ADDERS 















TECHNOLOGY Bae 

DESCRIPTION TYPE an ALS fas} | ts | s | Not 
spit Gated 00 Le eh a 
P28 ae as es ee 
A E53 | 

ew 





ACCUMULATORS, ARITHMETIC LOGIC UNITS, 
LOOK-AHEAD CARRY GENERATORS 
4-Bit Parallel Binary 


TECHNOLOGY 
TYPE 
| ‘281 
Accumulators 


| “681 | ; 
| ‘187 [| 6 | 
4-Bit Arithmetic Logic Units/ Pen | || le fe | T-484 
Function Generators S-60 
} ‘881 || Ce TCU 8-288 
Arithmetic Logic Unit 
[Awinmippiecory | 2] | Te || 291] 
Look-Ahead Carry [1600] 182 |» |_| | | « | 17-282 
Generators | §-291 | 


DESCRIPTION STD 
TTL 
el 
aa 


4-Bit-Slice Element 
8-Bit-Slice Element 


DESCRIPTION 


2-Bit-By-4-Bit Parrallet Binary 
Multipliers 

4-Bit-By-4-Bit Parrallel Binary 
Multipliers 


7-Bit-Slice Wallace Trees 
25-MHz Decade Rate 167 
Multipliers 
8-Bit X 1-Bit 2's Complement 


Multiplier 
16-Bit Parallel Multiplier 


STD 
FET astests [|e] 


8 with Latched 
P Inputs 

8 with Latched 
P/Q Inputs 





OTHER ARITHMETIC OPERATORS 


DESCRIPTION 


Quad 2-Input Exclusive-OR 
Gates With Totem-Pole 
Outputs 

O 


Pf [rraer 
Gates With Open-Collector Pe | 77-131 
Outputs 

Quad 2-Input Exclusive- 

NOR Gates | fe | 

Quad Exclusive OR/NOR ae 
Gates 

4-Bit True/Complement, 

Element 


ai 17-386 
je | 17. 
el 17. 


ERROR DETECTION AND CORRECTION CIRCUITS, 
FARITY GENERATORS/CHECKERS 


8-Bit Odd/Even Parity 
Generators/Checkers 

16-Bit Paralle! Error 
Detection/Correction 
Circuit 

32-Bit Parallel Error 
Detection/Correction Circuit 


CASCADABLE 
DESCRIPTION TO TYPE 
N-BITS 


[| Yes {| ‘481 [ 


System Controllers For 8080A 


System Controller, Universal 

System Controller, Universal (or for ‘888 
Burst Modes 

Refresh Cycle Steal, 


Controllers { Burst Modes [64K | 


Memory Cycle Controller 
3-State 
Memory Mappers 


T Page numbers with “T” preceding them refer to pages in The TTL Data Book for Design Engineers, second edition. Those with '‘S”’ preceding 
them refer to the 1987 Supplement to the TTL Data Book for Design Engineers, second edition, Those with no letter prefix refer to pages 


in this book, 

Map output type. 

Denotes available technology. 

Denotes “A” suffix version available in the technology indicated, 
Denotes planned new products. 
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MEMORIES AND PROGRAMMABLE LOGIC ARRAYS 


USER-PROGRAMMABLE READ-ONLY MEMORIES (PROMS) 
STANDARD PROMS 


TYPE PAGE 
DESCRIPTION TYPE ORGANIZATION OUTPUT 
a TePzESTES 


[a T8P28S16555_| _2048Wx8B | 3State_ |_| 
16K-Bit Arrays ["—TBP28S166 | 2046W x 88 | —3.State | 2-13 
[2 TBP28S166-55 | 2048Wx8B_ | SStae |_| 
PT reP24saai55 | 2048Wx4B | oc__| 2.13 | 
["Tepzese6 | 1024Wx68___| 3State_| 2-13] 
[_Trep28886-60 | 1024Wx 6B | 3-State | 2-13 | 
[Tepzesass | _1024wxeB | OC | 2.13 | 
[¥ Tepzesas6-60 | 1024Wx8B | oc | 213 | 
[_tep28s2708 | _1024Wx8B | _3State__| 2-13 | 
a TBP28S85 | 1024Wx8B___| 3State | 2.13] 
TeP28s42____ | __512Wx8B | _3State__| 2-13 
[Tep2esaa?___| __512wx8B | _ oC | 213 
[a TeP28s45 | 512WxeB | State | 213 | 
[Tep24sa1 | 1024Wx48 | 3State | 213 | 
["Tep24saai___| 1024wx 4B | oc | 2-13 
T /TBPI8SA46 | 5t2WxeB | oc | _27_] 
DKBit Arrays -VTBPIBS22_ | 256Wx 8B | 3State__ | 2-7] 
[Ter 188030 | 32Wx 8B | 3State | 27] 


LOW-POWER PROM’S 


TYPE PAGE 
DESCRIPTION ORGANIZATION OUTPUT No.t 


16K-Bit Arrays 4 TBP28L 166 2048W x 8B | 3-State | 2-13 | 
; 4 TBP28L85 1024W x 8B | __3-State__| 
TBP28L86 
TBP28L42 512W x 8B 

4K-Bit Arrays 
















8K-Bit Arrays 









4K-Bit Arrays 








1K-Bit Arrays 




















a TBP28L45 | 5 12Wx8B_ | 3-State | 
TBP28L46 512W x 8B 

TBP28L 22 
2K-Bit Arrays TBP28LA22 256W x 8B 


POWER-DOWN PROM'S 


TYPE PAGE 
DESCRIPTION TYPE ORGANIZATION OUTPUT 


@ TBP28P 165 2048W x 8B | 3State | 
16K-Bit Arrays FT Bp28p166 2048W x 8B 3 State | 243 
| 2-13 | 
ae 
















4 TBP28P86 1024W x 8B 


[a Tep28re5 | _1024wx 8B | 3State 
8K-Bit Arrays 4 TBP28P85 1024W x 8B 3State 
a TBP28PA2 512W x 88 
4K-Bit Arrays 









4 TBP28P45 512W x 8B 
4 TBP28P46 512W x 8B 


REGISTERED PROM’S 


DESCRIPTION TYPE ORGANIZATION 


we 4 TBP28R166 2048W x 8B | 3State | 2- 
16K-Bit Arrays |—STep28R165 2048W x 8B |__3State | 2-13] 
8K-Bit Arrays 4 TBP28R85 1024W x 8B | 3State {| 2-13 | 
4K-Bit Arrays 4 TBP28R45 512W x 8B | = 63-State | 2-13 | 








READ-ONLY MEMORIES (ROM’S) 


TYPE TECHNOLOGY PAGE 
DESCRIPTION | ORGANI- OF pea ats las No.t 
ZATION | OUTPUT TTL : 

| 512x4 


| OC fT '270t eT 5-58 

2048-Bit Arrays }220x8_| OC [ “27i[ ft fe 558 | 
| State | “370[ fT fe 5-67 

| 256x8_ | 3State } “371[ | Te 75-67 | 
1024-Bit Arrays] _256x4_ | OC} 187] « [TT 75-49 
256-Bit Arrays | 32x8 | OC {| ‘ast A TT 15-27 


RANDOM-ACCESS READ-WRITE MEMORIES (RAM’S) 























TYPE 
Sn [TE slg [HOF 
QUTPUT TTL ; 
} 256-Bit Arrays | S20x1 _{ SState_|_—204 | __{_}_}_te} 2501 
| 256x1_ | oc | ‘301{_ {| | | Jel 250) 
ae ee Et te 
| 16x4_ | 3State | “189 | TT A Ba 
64-Bit Arrays = [1exd | 3 State | 2191 7 1 TAT 1 
[| 6x4 | oc so | TT A AY 242 
| ex4 | oct 319 | CT CUT UT AT 
| t6Bit Arrays | —t8xt_f OG _} gi} A 11 _}_t_} 2:33 | 
| 6x1 | oc S| 84 | AT UT UT CT 233 
16-Bit Multiple- 
File 
16-Bit Register [| 4x4 | OC | “170 t e [| fe | T7237) 
File | 4x4] 3-State | ‘670 | =| of |e {T7526 





Dual 64-Bit 
Register Files 


1x4, 16x4 | 3State | 870} | [a] | [$281 | 
6x4, 16x4_| 3State | 871] | «| {| $281, 


FIRST-IN FIRST-OUT MEMORIES (FIFO’S) 
TYPE TECHNOLOGY |p, c¢ 
DESCRIPTION OF |TYPE fatsas| us | s | Not 
OUTPUT 
Asynchronous 16 X 5 | 3State {| ‘225| | | fe | 267 | 


Gated Input, { 3-State {| ‘222] | fe | | 253 | 


eee 16 X 4pOutput Ready | 3State | ‘224{ | je | | 253 | 
synchronous Single Input, | OC | 227] [| |e | | 253 _ | 


Output Ready | OC | 228] fT te | 253 | 


PROGRAMMABLE LOGIC ARRAYS 


DESCRIPTION TYPE [enn fos 
Octal 16-Input AND-OR-Invert FP’16L8 
Gate Array 
Octal 16-Input Registered AND-OR FP'I6R8 
FP‘16R6 









Gate Array 

Hex 16-Input Registered AND-OR 
Gate Array 

Quad 16-Input Registered AND-OR 
Gate Array 

Field-Programmable Logic 
Sequencers With 3-State Outputs 

Field-Programmable Logtc Sequencers 
With Open-Collector Outputs 


14 x 32 x 6 Field-Programmable Logic 
Arrays With 3-State Output 

14 x 32 x 6 Field-Programmable Logic 
Arrays With Open-Collector outputs 


FP’16R4 





T Page numbers with “T” preceding them refer to pages in The TTL Data Book for Design Engineers, second edition. Those with “S” preceding 
them refer to the 7987 Supplement to the TTL Data Book for Design Engineers, second edition, Those with no letter prefix refer to pages 


in this book, 

Suffix indicates maximum address access time (ns). 
Replaced with Series 24/28, 

Denotes planned new products. 


>< + 


TD Bat Te a | 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 








6-10 


Explanation of 
New Logic Symbols 





EXPLANATION OF NEW LOGIC SYMBOLS 


FS NS A TE TT a SE A 


TABLE OF CONTENTS 





Title Page 

1. INERODUCTION:  otecccis-to2cdsrr tu dwewen 6 FL 26. betes ahi eerie ewes 7-3 

2. SYMBOL-COMPOSITION: sat..oeb-oaied:b.6 tue Ue 4 we ke week eo lee ees 7-3 

3. QUALIFYING SYMBOLS. 4.240.068 Seid $b srdesbal Seared are aaa ed ate Oke, aha mas 7-5 

"3.4 General QualifyingSymbols oo... eee ce eee eee eee ete n eens 75 

3.2 Qualifying Symbols for Inputs and Outputs ........ cee eee eee teens 7-5 

3.3 Symbols: inside the QuUtING: ss ciscc564- ps deli atiG ou Raw eae eee bee aes + 79 

4. DEPENDENGY NOTATION. -caaceieceterte ese Sep we de awe eG eRe areal eee eas 7-10 

4.1 GeneraliEXplanatliOO: -246¢dis.c0 sawn ca ds cia nwawesee Dee e hs ohe ee ee 7-10 

4.2 SPAIN cc5 i prend, H a octane avg acs lb Gla heesa Ae B algurdely Gish ot aaeete Robes a ede hem Satis Sas A 7-10 

4.3 Conventions for the Application of Dependency Notation in General ........... 7-12 

4.4 VAOR:. tnceCs yeaa bated a ee Ras Be ee a ae a SW ERA ae ewe 7-13 

4.5 WN. Negate(EXCIWSIVG-OR); cecsite 205 cy, dace wes nde tn eat a ceacees div ah tered Wee esi oe 7-13 

4.6 Z VOterCOnMeCON: osc0.2cuccbaatho.qed edie se SUA bee Oe ee we 7-14 

4.7 CG RORUO! © aie¥edatdc-y osha Wael eh ee Dk ae we Ee Oa SER es 7-15 

4.8 SOC ANG IS TAGSEL:  h.Gk4 ae ee bre eh ane dre ew Sik we co te Se ed, a oc e 7-15 

4.9 BN ENADIG: 2c genes ee ucwr see wi a es we eae ew sew ara wee @ aoe BERNE Ie alee oe wine esas 7-16 

AAO: MeMOde: cc4>dscdin pagal Shae ees ba bed Ba ew ae ea A 7-17 

Beli Fee PAGOTESS~ s2hse eh id cos ay eg he ee eee OR eee ee eee 7-19 

5. BISTABLEE- ELEMENTS .¢.24¢ dosccah tuk occew ssc cadas cereale aati ele eae Oe de he 7-22 

6. CODERS: 2s¢.054is-cu8u Be Ba Netto doa, cen ts GE Maat vate ed ak tar isla WB aE Goa Ne SIN OE SAR aT anEIS 7-23 

7. USE OF ACODER TO PRODUCE AFFECTING INPUTS ............ Ab sinad Gt ane piote ae 7-24 

8. USE OF BINARY GROUPING TO PRODUCE AFFECTING INPUTS ................ 7-25 

9. SEQUENCE OF INPUT LABELS. <s0tdcn we beesn et duw ee eet eoe ide eae newbent eek 7-25 

10. SEQUENCE OF OUTPUT LABELS .............. i Adacoehantend Sang Ry Gani pace ore ‘.... 7-26 

LIST OF TABLES 

Table Title Page 

l. General Qualifying Symbols’. 4...03.4 0280000 bawses tao en Pe SS ob Mae alee oS ewe es 7-6 

ll. Qualifying Symbols for Inputs and Outputs .... 0... eee cc tte eee ees 7-7 

Il. SVIMDOIS INSIDE THE OUNING —srnacdoish ch Gree wide ea ence ees ea te bua Oa Ow ee 7-8 

IV. | Summary of Dependency Notation ......... ccc cece ee cece ee ee cnet eet e nn eeennes 7-21 
If you have questions on this Explanation }EEE Standards may be purchased from: 


of New Logic Symbols, please contact: 
Institute of Electrical and Electronics Engineers, Inc. 


F.A. Mann MS 84 345 East 47th Street 

Texas Instruments Incorporated New York, N.Y. 10017 

P.O. Box 225012 

Dallas, Texas 75265 International Electrotechnical Commission ({EC) 


Telephone (214) 995-3746 publications may be purchased from: 


American National Standards Institute, Inc. 
1430 Broadway 
New York, N.Y. 10018 





TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


EXPLANATION OF NEW LOGIC SYMBOLS 





by F. A. Mann 
INTRODUCTION 


The International Electrotechnical Commission (IEC) has been developing a very powerful symbolic 
language that can show the relationship of each input of a digital logic circuit to each output without 
showing explicitly the internal logic. At the heart of the system is dependency notation, which will be 
explained in Section 4. 


The system was introduced in the USA in a rudimentary form in IEEE/ANSI Standard Y32. 14-1973. 
Lacking at that time a complete development of dependency notation, it offered little more than a 
substitution of rectangular shapes for the familiar distinctive shapes for representing the basic functions 
of AND, OR, negation, etc. This is no longer the case. 


Internationally, Working Group 2 of IEC Technical Committee TC-3 is preparing a new document 
(Publication 617-12) that will consolidate the original work started in the mid 1960's and published 
in 1972 (Publication 117-15) and the amendments and supplements that have followed. Similarly 
for the USA, IEEE Committee SCC 11.9 is revising the publication IEEE Std 91/ANSI Y32.14. 
Texas Instruments is participating in the work of both organizations and this Supplement to the TTL 
Data Book introduces new logic symbols in anticipation of the new standards. When changes are made 
as the standards develop, future editions of the TTL Data Book will take those changes into account. 


The following explanation of the new symbolic language is necessarily brief and greatly condensed 
from what the standards publications will finally contain. This is not intended to be sufficient for 
those people who will be developing symbols for new devices. It is primarily intended to make possible 
the understanding of the symbols used in this book; comparing the symbols with functional block 
diagrams and/or function tables will further help that understanding. 


SYMBOL COMPOSITION 


A symbol comprises an outline or a combination of outlines together with one or more qualifying 
symbols. The shape of the symbols is not significant. As shown in Figure 1, general qualifying symbols 
are used to tell exactly what logical operation is performed by the elements. Table | shows the general 
qualifying symbols used in this data book. Input lines are placed on the left and output lines are 
placed on the right. When an exception is made to that convention, the direction of signal flow is 
indicated by an arrow as shown in Figure 11. 


All outputs of a single, unsubdivided element always have identical internal logic states determined by 
the function of the element except when otherwise indicated by an associated qualifying symbol 
or label inside the element. 
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OUTLINE GENERAL QUALIFYING 
SYMBOL 
i 
* * 
INPUT OUTPUT 
LINES LINES 
* * 


*Possible positions for qualifying symbols relating to inputs and outputs 
FIGURE 1 — SYMBOL COMPOSITION 


The outlines of elements may be abutted or embedded in which case the following conventions apply. 
There is no logic connection between the elements when the line common to their outlines is in the 
direction of signal flow. There is at least one logic connection between the elements when the 
line common to their outlines is perpendicular to the direction of signal flow. The number of 
logic connections between elements will be clarified by the use of qualifying symbols and this ts 
discussed further under that topic. If no indications are shown on either side of the common line, It 
is assumed there is only one connection. 


When a circuit has one or more inputs that are common to more than one element of the circuit, the 
common-control block may be used. This is the only distinctively shaped outline used in the IEC 
system. Figure 2 shows that unless otherwise qualified by dependency notation, an input to the 
common-control block is an input to each of the elements below the common-control block. 


COMMON-CONTROL BLOCK 


FIGURE 2 — ILLUSTRATION OF COMMON- CONTROL BLOCK 
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3.1 


3.2 


A common output depending on all elements of the array can be shown as the output of a common- 
output element. Its distinctive visual feature is the double fine at its top. In addition the common- 
output element may have other inputs as shown in Figure 3. The function of the common-output 
element must be shown by use of a general qualifying symbol. 


a d a d 
b an 
COMMON-OUTPUT f ; 
ELEMENT wea e 
(must, like other elements, c g f 


have a qualifying symbol to 
denote its logic function). 


FIGURE 3 — ILLUSTRATION OF COMMON-OUTPUT ELEMENT 


QUALIFYING SYMBOLS 
General Qualifying Symbols 


Table | shows the general qualifying symbols used in this data book. These characters are placed near 
the top center or the geometric center of a symbol or symbol element to define the basic function 
of the device represented by the symbol or of the element. 


Qualifying Symbols for Inputs and Outputs 


Qualifying symbols for inputs and outputs are shown in Table |! and will be familiar to most users 
with the possible exception of the logic polarity and analog signal indicators. The older logic negation 
indicator means that the external O state produces the internal 1 state. The internal 1 state means the 
active state. Logic negation may be used in pure logic diagrams; in order to tie the external 1 and O 
logic states to the levels H (high) and L (low), a statement of whether positive logic (1 =H, O= L) or 
negative logic (1 = L, 0 = H) is being used is required or must be assumed. Logic polarity indicators 
eliminate the need for calling out the logic convention and are used in this data book in the symbology 
for actual devices. The presence of the triangular polarity indicator indicates that the L logic level will 
produce the internal 1 state (the active state) or that, in the case of an output, the internal 1 state will 
produce the external L level. Note how the active direction of transition for a dynamic input is 
indicated in positive logic, negative logic, and with polarity indication. 
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TABLE | — GENERAL QUALIFYING SYMBOLS 


Highly complex function; “gray box’’ symbol with limited detail 
shown under special rules. 
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SYMBOL DESCRIPTION EXAMPLE 
& AND gate or function. SN7400 
.>1 OR gate or function. The symbol was chosen to indicate that at least SN7402 
one active input is needed to activate the output. 
=1 Exclusive OR. One and only one input must be active to activate the output. SN7486 
= Logic identity. All inputs must stand at same state. SN74180 
2k An even number of inputs must be active. SN74180 
2k+1 An odd number of inputs must be active. . 
1 The one input must be active. SN7404 
bord A buffer or element with more-than usual output capability (symbol SN74S436 
is Oriented in the direction of signal flow). 
oO Schmitt trigger; element with hysteresis. SN74LS18 
X/Y Coder, code converter (DEC/BCD, BIN/OUT, BIN/7-SEG, etc.). SN74LS347 
MUX Multiplexer/data selector. SN74150 
DMUX or DX Demultiplexer. SN74138 
b> Adder. SN74LS385 
P- Subtracter. SN74LS385 
CPG Look-ahead carry generator. SN74182 
Tv Multiplier. SN74LS384 
COMP Magnitude comparator. SN74LS682 
ALU Arithmetic logic unit. SN74LS381 
ru Retriggerable monostable. SN74LS422 
1 Non-retriggerable monostable (one-shot). SN74121 
a Astable element. ‘Showing waveform is optional. SN74LS320 
AG Synchronously starting astable. SN74LS624 
A Astable element that stops with a completed pulse. 
SRGm Shift register. m = number of bits. SN74LS595 
CTRm Counter. m = number of bits; cycle length = 2™, SN54LS590 
CTR DIVm Counter with cycle length = m. SN74LS668 
ROM Read-only memory. SN74187 
RAM Random-access read/write memory. SN74170 
FIFO First-in, first-out memory. SN74LS222 
I=0 Element powers up cleared to O state. SN74AS877 
A SN74LS608 





*Not all of the general qualifying symbols have been used in this book, but they are included here for the sake of completeness. 
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TABLE Il — QUALIFYING SYMBOLS FOR INPUTS AND OUTPUTS 





Logic negation at input. External 0 produces internal 1. 

Logic negation at output. Internal 1 produces external 0. 

Active-low input. Equivalent to —d in positive logic. 

Active-low output. Equivalent to lo—in positive logic. 

Active-low input in the case of right-to-left signal flow. 

Active-low output in the case of right-to-left signal flow. 

Signal flow from right to left. If not otherwise indicated, signal flow is from left to right. 


Bidirectional signal flow. 


POSITIVE NEGATIVE POLARITY 
LOGIC LOGIC INDICATION 
. 1 0 
ala not used 
inputs | | 
active 0 u H 


not used not used 
-on 


~ L. L 
indicated 1 0 H 
transition 0 1 L 
Nonlogic connection. A label inside the symbol will usually define the nature of this pin. 


Input for analog signals. 


bk Lod $44 TLS 


+ Internal connection. 1 state on left produces 1 state on right. 
oO Negated internal connection. 1 state on left produces O state on right. 
-; > Dynamic internal connection. Transition from 0 to 1 on left produces transitory 1 state on 
Giati beeen right. 
+ Internal input (virtual input). It always stands at its internal 1 state unless affected by an 
pace overriding dependency relationship. 


+ Internal output (virtual output). Its effect on an internal input to which it is connected is 
euas indicated by dependency notation. 





The internal connections between logic elements abutted together in a symbol may be indicated by 
the symbols shown. Each logic connection may be shown by the presence of qualifying symbols at one 
or both sides of the common line and if confusion can arise about the numbers of connections, use can 
be made of one of the internal connection symbols. 


The internal (virtual) input is an input originating somewhere else in the circuit and is not connected 
directly to a terminal. The internal (virtual) output is likewise not connected directly to a terminal. 
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TABLE IIt — SYMBOLS INSIDE THE OUTLINE 





4] Postponed output (of a pulse-triggered flip-flop). The output changes when input 
initiating change (e.g., a C input) returns to its initial external state or level. See § 5. 
—o Bi-threshold input (input with hysteresis) 
NPN open-collector or similar output that can supply a relatively + 


Ot- low-impedance L level when not turned off. Requires external ; 


pull-up. Capable of positive-logic wired-AND connection. 


Q| Passive-pull-up output is similar to NPN open-collector output but if 
is suplemented with a built-in passive pull-up. 


NPN open-emitter or similar output that can supply a relatively low- 
OL— impedance H level when not turned off. Requires external pull-down. 
Capable of positive-logic wired-OR connection. 


O— + 


S Passive-pull-down output is similar to NPN open-emitter output but 
| is supplemented with a built-in passive pull-down. 


vE— 3-state output 
— EN Enable input 


When at its internal 1-state, all outputs are enabled. 

When at its internal O-state, open-collector and open-emitter outputs are off, 
three-state outputs are at normally defined internal logic states and at external 
high-impedance state, and all other outputs (e.g., totem-poles) are at the 
internal O-state. 


J,K,8,S,T Usual meanings associated with flip-flops (e.g., R = reset, T = toggle) 
—p Data input to a storage element equivalent to: ash 
—|--m ——m Shift right (left) inputs, m = 1,2, 3 etc. If m = 1, it is usually not shown. 
— +m —-m Counting up (down) inputs, m = 1, 2, 3 etc. If m = 1, it is usually not shown. 
—; 0 
‘Binary grouping. m is highest power of 2. 
' m 
ler = 15 The contents-setting input, when active, causes the content of a register to take 
on the indicated value. 
CT=9 — The content output is active if the content of the register is as indicated. 
Input line grouping... . indicates two or more terminals used to implement a single 
] logic input. 


X 
e.g., The paired expander inputs of SN7450. alle 


ange? {— Fixed-state output always stands at its internal 1 state. For example, see SN74185. 
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3.3 





The application of internal inputs and outputs requires an understanding of dependency notation, 
which is explained in Section 4. 


In an array of elements, if the same general qualifying symbol and the same qualifying symbols 
associated with inputs and outputs would appear inside each of the elements of the array, these 
qualifying symbols are usually shown only in the first element. This is done to reduce clutter and to 
save time in recognition. Similarly, large identical elements that are subdivided into smaller elements 
may each be represented by an unsubdivided outline. The SN54LS440 symbol illustrates this principle. 


Symbols Inside the Outline 


Table [11 shows some symbols used inside the outline. Note particularly that open-collector, open- 
emitter, and three-state outputs have distinctive symbols. Also note that an EN input affects all of the 
outputs of the circuit and has no effect on inputs. When an enable input affects only certain outputs 
and/or affects one or more inputs, a form of dependency notation will indicate this (see 4.9). The 
effects of the EN input on the various types of outputs are shown. 


It is particularly important to note that a D input is always the data input of a storage element. At 
its internal 1 state, the D input sets the storage element to its 1 state, and at its internal O state it resets 
the storage element to its 0 state. 


The binary grouping symbol will be explained more fully in Section 8. Binary-weighted inputs are 
arranged in order and the binary weights of the least-significant and the most-significant lines are 
indicated by numbers. In this data book weights of input and output lines will be represented by 
powers of two usually only when the binary grouping symbol is used, otherwise, decimal numbers will 
be used. The grouped inputs generate an internal number on which a mathematical function can be 
performed or that can be an identifying number for dependency notation. See Figure 28. A frequent 
use is in addresses for memories. 


Reversed in direction, the binary grouping symbol can be used with outputs. The concept is analogous 
to that for the inputs and the weighted outputs will indicate the internal number assumed to be 
developed within the circuit. 


Other symbols are used inside the outlines in this data book in accordance with the [EC/IEEE 
standards but are not shown here. Generally these are associated with arithmetic operations and are 
self-explanatory. | 


When nonstandardized information ts shown inside an outline, it is usually enclosed in square brackets 
[like these] . 
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f 


4 DEPENDENCY NOTATION 
4.1 General Explanation 


Dependency notation is the powerful tool that sets the IEC symbols apart from previous systems and 
makes compact, meaningful, symbols possible. It provides the means of denoting the relationship 
between inputs, outputs, or inputs and outputs without actually showing all the elements and inter- 
connections involved. The information provided by dependency notation supplements that provided 
by the qualifying symbols for an element’s function. 


In the convention for the dependency notation, use will be made of the terms ‘affecting’ and 
“affected’’. In cases where it is not evident which inputs must be considered as being the affecting 
or the affected ones (e.g., if they stand in an AND relationship), the choice may be made in any 
convenient way. 


So far, ten types of dependency have been defined and all of these are used in this data book. They are 
listed below in the order in which they are presented and are summarized in Table IV following 


4.11. 


Section Dependency Type or Other Subject 


4.2 G, AND 

4.3 General rules for dependency notation 
4.4 V,OR 

4.5 N, Negate, (Exclusive OR) 

4.6 Z, Interconnection 


4.7 C, Control 

4.8 S, Set and R, Reset 
4.9 EN, Enable 

4.10 M, Mode 

4.11. A, Address 


4.2 G(AND) Dependency 


-_ A common relationship between two signals is to have them ANDed together. This has traditionally 
been shown by explicitly drawing an AND gate with the signals connected to the inputs of the gate. 
The 1972 IEC publication and the 1973 IEEE/ANSI standard showed several ways to show this AND 
relationship using dependency notation. While nine other forms of dependency have since been 
defined, the ways to invoke AND dependency are now reduced to one. 


BO a ee eee 
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In Figure 4 input b is ANDed with input a and the complement of b is ANDed with ec. The letter G has 
been chosen to indicate AND relationships and is placed at input b, inside the symbol. A number 
considered appropriate by the symbol designer (1 has been used here) is placed after the letter G and 
also at each affected input. Note the bar over the 1 at input c. 


lI 
i~ 





FIGURE 4—G DEPENDENCY BETWEEN INPUTS 


In Figure 5, output b affects input a with an AND relationship. The lower example shows that it is 
the internal logic state of b, unaffected by the negation sign, that is ANDed. Figure 6 shows input a to 
be ANDed with a dynamic input b. 


ia 


III 


aH 








op 
ii feoee 
1 

= a) 
4 
j 1 
| | 


FIGURE 6 — G DEPENDENCY WITH A DYNAMIC INPUT 


The rules for G dependency can be summarized thus: 


When a Gm input or output (m is a number) stands at its internal 1 state, all inputs and outputs 
affected by Gm stand at their normally defined internal logic states. When the Gm input or output 
Stands at its O state, all inputs and outputs affected by Gm stand at their internal O states. 
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4.3 Conventions for the Application of Dependency Notation in General 


The rules for applying dependency relationships in general follow the same pattern as was illustrated 


for G dependency. 
Application of dependency notation is accomplished by: 


1) labeling the input (or output) affecting other inputs or outputs with the letter symbol 
indicating the relationship involved (e.g., G for AND) followed by an identifying number, 
appropriately chosen, and 

2) labeling each input or output affected by that affecting input (or output) with that same 
number. 


If it is the complement of the internal logic state of the affecting input or output that does the affecting, 
then a bar is placed over the identifying numbers at the affected inputs or outputs. See Figure 4. 


If two affecting inputs or outputs have the same letter and same identifying number, they stand in an 
OR relationship to each other. See Figure 7. 


a G1 
b G1 = 
c 1 





FIGURE 7 — OR’ED AFFECTING INPUTS | 


If the affected input or output requires a label to denote its function (e.g., ‘’D’’), this label will be 
prefixed by the identifying number of the affecting input. See Figure 12. 


If an input or output is affected by more than one affecting input, the identifying numbers of each of 
the affecting inputs will appear in the label of the affected one, separated by commas. The normal 
reading order of these numbers is the same as the sequence of the affecting relationships. See Figure 
12. 


If the labels denoting the functions of affected inputs or outputs must be numbers, (e.g., outputs 
of a coder), the identifying numbers to be associated with both affecting inputs and affected inputs or 
outputs will be replaced by another character selected to avoid ambiguity, e.g., Greek letters. See 
Figure 8. 
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a a a 1 
b Ga = b G1 
a c 4. 


FIGURE 8 — SUBSTITUTION FOR NUMBERS 


4.4 V (OR) Dependency 


4.5 


The symbol! denoting OR dependency is the letter V. See Figure 9. 





FIGURE 9 — V (OR) DEPENDENCY 


When a Vm input or output stands at its internal 1 state, all inputs and outputs affected by Vm stand 
at their internal 1 states. When the Vm input or output stands at its internal 0 state, all inputs and 
outputs affected by Vm stand at their normally defined internal logic states. 


N (Negate) (X-OR) Dependency 


The symbol denoting negate dependency is the letter N. See Figure 10. Each input or output affected 
by an Nm input or output stands in an exclusive-OR relationship with the Nm input or output. 


Es » CHR. = Lig 


lifa=0, thenc=b 
lfa=1, thenc=b 


FIGURE 10 — N (NEGATE) (X-OR) DEPENDENCY 
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4.6 


When an Nm input or output stands at its internal 1 state, the internal logic state of each input and each 
output affected by Nm is the complement of what it would otherwise be. When an Nm input or 
output stands at its internal O state, all inputs and outputs affected by Nm stand at their normally 
defined internal logic states. 


Z (Interconnection) Dependency 
The symbol denoting interconnection dependency is the letter Z. 


Interconnection dependency is used to indicate the existence of internal logic connections between 
inputs, outputs, internal inputs, and/or interna! outputs. 


The internal logic state of an input or output affected by a Zm input or output will be the same as the 


internal logic state of the Zm input or output, unless modified by additional dependency notation. 
See Figure 11. 


4} 


lI 


Cp oe hap 


ll 


Fa = DR me f= 


fae = 


a—tG1 
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FIGURE 11 — Z (INTERCONNECTION) DEPENDENCY 
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4.7 C (Control) Dependency 


48 


The symbol denoting control dependency is the letter C. 


Control inputs are usually used to enable or disable the data (D, J, K, R, or S) inputs of storage 
elements. They may take on their internal 1 states (be active) either statically or dynamically. In the 
latter case the dynamic input symbol is used as shown in the third example of Figure 12. 


ee glee e/s 
: b OTe R 
fel 


a faa ae 
b—lic2 = b a 
120 c—] 20 c ce 


ee AND relationship of a and b 


a 
: 2 — 
C Cc erg R 


a 1,20 
b— 1,2D 
c—j G1 
d C2 


Input c selects which of a or b is stored when d goes low. 


ao 


(II 
[= 

7 

; 





FIGURE 12 — C (CONTROL) DEPENDENCY 


When a Cm input or output stands at its internal 1 state, the inputs affected by Cm have their normally 
defined effect on the function of the element, i.e., these inputs are enabled. When a Cm input or 


output stands at its internal O state, the inputs affected by Cm are disabled and have no effect on the 
function of the element. 





S (Set) and R (Reset) Dependencies 


The symbol denoting set dependency is the letter S. The symbol denoting reset dependency is the 
letter R. 
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4.9 


Set and reset dependenies are used if it is 
necessary to specify the effect of the combi- 


nation R=S=1 on a bistable element. Case 1 in : 
Figure 13 does not use S or R dependency. 
R O 
When an Sm input is at its internal 1 state, 
outputs affected by the Sm input will react, 
regardless of the state of an R input, as they S 
normally would react to the combination S=1, 
R=0. See cases 2, 4, and 5 in Figure 13. R . 
When an Rm input is at its internal 1 state, 
outputs affected by the Rm input will react, 
regardless of the state of an S input, as they S 
normally would react to the combination S=0O, 
R=1. See cases 3, 4, and 5 in Figure 13. R 
When an Sm or Rm input is at its internal O 
state, it has no effect. . 
Note that the noncomplementary output R i 
patterns in casés 4 and 5 are only pseudo stable. 
The simultaneous return of the inputs to 
S=R=0 produces an unforeseeable stable and 
complementary output pattern. S 
R C 


EN (Enable) Dependency 





1 = external 1 state 


0 = external 0 state 


nc = no change 2 = unspecified 


FIGURE 13 — S (SET) AND 
R (RESET) DEPENDENCIES 


The symbol denoting enable dependency is the combination of letters EN. 


An ENm input has the same effect on outputs as an EN input, see 3.1, but it effects only those outputs 


labeled with the identifying number m. It also affects those inputs labeled with the identifying number 
m. By contrast, an EN input affects all outputs and no inputs. The effect of an ENm input on an 


affected input is identical to that of a Cm input. See Figure 14. 
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When an ENm input stands at its internal 1 state, the inputs affected by ENm have their normally 
defined effect on the function of the element and the outputs affected by this input stand at their 
normally defined internal logic states, i.e., these inputs and outputs are enabled. 


If a= 0, b is disabled and d =c 
Ifa=1,c is disabled and d=b 





FIGURE 14 — EN (ENABLE) DEPENDENCY 


When an EN” input stands at its internal 0 state, the inputs affected by ENm are disabled and have no 
effect on the function of the element, and the outputs affected by ENm are also disabled. Open- 
collector outputs are turned off, three-state outputs stand at their normally defined internal logic 
states but externally exhibit high impedance, and all other outputs (e.g., totem-pole outputs) stand at 
their internal O states. 


4.10 M (Mode) Dependency 


The symbol denoting mode dependency is the letter M. 


Mode dependency is used to indicate that the effects of particular inputs and outputs of an element 
depend on the mode in which the element is operating. 


If an input or output has the same effect in different modes of operation, the identifying numbers 
of the relevant affecting Mm inputs will appear in the label of that affected input or output between 
parentheses and separated by solidi. See Figure 19. 





4.10.1 M Dependency Affecting Inputs 


M dependency affects inputs the same as C dependency. When an Mm input or Mm output stands at 
its internal 1 state, the inputs affected by this Mm input or Mm output have their normally defined 
effect on the function of the element, i.e., the inputs are enabled. 


When an Mm input or Mm output stands at its internal O state, the inputs affected by this Mm input or 
Mm output have no effect on the function of the element. When an affected input has several sets of 
labels separated by solidi (e.g., C4/2>/3+), any set in which the identifying number of the Mm input 
or Mm output appears has no effect and is to be ignored. This represents disabling of some of the 
functions of a multifunction input. 
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The circuit in Figure 15 has two inputs, b and c, that control which one of four modes (0, 1, 2, or 3) 
will exist at any time. Inputs d, e, and f are D inputs subject to dynamic control (clocking) by the a 
input. The numbers 1 and 2 are in the series chosen to indicate the modes so inputs e and f are only 
enabled in mode 1 (for parallel loading) and input d is only enabled in mode 2 (for serial loading). 
Note that input a has three functions. It is the clock for entering data. In mode 2, it causes right 
shifting of data, which means a shift away from the control block. In mode 3, it causes the contents of 
the register to be incremented by one count. 


Note that all operations are synchronous. 


In MODE 0 (b= 0, c = 0), the outputs 
remain at their existing states as none 

of the inputs has an effect. 

In MODE 1 (b= 1, c= 0), parallel loading 
takes place thru inputs e and f. 

In MODE 2 (b= 0, c= 1), shifting down 
and serial loading thru input d take place. 
In MODE 3 (b = c = 1), counting up by 
increment of 1 per clock pulse takes place. 


a > C4/2 > /3+ 


—_— oO 





FIGURE 15 — M (MODE) DEPENDENCY AFFECTING INPUTS 
4.10.2 M Dependency Affecting Outputs 


When an Mm input or Mm output stands at its internal 1 state, the affected outputs stand at their 
normally defined internal logic states, i.e., the outputs are enabled. 


When an Mm input or Mm output stands at its internal O state, at each affected output any set of labels 
containing the identifying number of that Mm input or Mm output has no effect and is to be ignored. 
When an output has several! different sets of labels separated by solidi (e.g., 2,4/3,5), only those sets 
in which the identifying number of this Mm input or Mm output appears are to be ignored. 


In Figure 16, mode 1 exists when the a input 
stands at its internal 1 state. The delayed 
output symbol is effective only in mode 1 
(when input a = 1) in which case the device 


functions as a pulse-triggered flip-flop. See a—tut 
Section 5. When input a = O, the device is p a ~Mp—d 


not in mode 1 so the delayed output symbol 





has no effect and the device functions as a FIGURE 16 — TYPE OF FLIP-FLOP DETERMINED 
transparent latch. | BY MODE 
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In Figure 17, if input a stands at its internal 1 


state establishing mode 1, output b will stand | 

at its internal 1 state only when the content — M1 1CT=9 = 
of the register equals 9. Since output b is ' 
located in the common-control block with no 

defined function outside of mode 1, this i__ 
output will stand at its internal 0 state when | 


input a stands at its internal O state, regardless FIGURE 17 — DISABLING AN OUTPUT OF THE 
of the register content. COMMON-CONTROL BLOCK 


In Figure 18, if input a stands at its internal 1 
state establishing mode 1, output b will stand 
at its internal 1 state only when the content 
of the register equals 15. If input a stands at 
its internal O state, output b will stand at its 
internal 1 state only when the content of the 





register equals 0. 


In Figure 19 inputs aand bare binary weighted niGURe es SEG aae a ES 
to generate the numbers O, 1, 2, or 3. This 
determines which one of the four modes 


exists. 
= (ee nae 
At output e the label set causing negation b ibm’ nee 
(if c = 1) is effective only in modes 2 and 3. : Na 24/3.5|-—9 
G5 


In modes O and 1 this output stands at its ee eee ae 
normally defined state as if it had no labels. 





FIGURE 19 — DEPENDENT RELATIONSHIPS 
At output f the label set has effect when the AFFECTED BY MODE 


mode is not O so output e is negated (if 
c = 1) in modes 1, 2, and 3. In mode O the label set has no effect so the output stands at its normally 
defined state. In this example 0,4 is equivalent to (1/2/3)4. At output g there are two label sets. The 


first set, causing negation (if c = 1), is effective only in mode 2. The second set, subjecting g to AND 
dependency on d, has effect only in mode 3. 


Note that in mode 0 none of the dependency relationships has any effect on the outputs, so e, f, and g 
will all stand at the same state. 


4.11 A (Address) Dependency 


The symbol denoting address dependency is the letter A. 
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Address dependency provides a clear representation of those elements, particularly memories, that use 
address contro! inputs to select specified sections of a multidimensional array. Such a section of a 
memory array is usually called a word. The purpose of address dependency is to allow a symbolic 
presentation of the entire array. An input of the array shown at a particular element of this general 
section is common to the corresponding elements of all selected sections of the array. An output 
of the array shown at a particular element of this general section is the result of the OR function of 
the outputs of the corresponding elements of selected sections. If the label! of an output of the array 
shown at a particular element of this general section indicates that this output is an open-circuit 
output or a three-state output, then this indication refers to the output of the array and not to those 
of the sections of the array. 


Inputs that are not affected by any affecting address input have their normally defined effect on all 
sections of the array, whereas inputs affected by an address input have their normally defined effect 
only on the section selected by that address input. 


An affecting address input is labelled with the letter A followed by an identifying number that 
corresponds with the address of the particular section of the array selected by this input. Within 
the general section presented by the symbol, inputs and outputs affected by an Am input are labelled 
with the letter A, which stands for the identifying numbers, i.e., the addresses, of the particular 
sections. 


a0 o o 





FIGURE 20 — A (ADDRESS) DEPENDENCY 


Figure 20 shows a 3-word by 2-bit memory having a separate address line for each word and uses 
EN dependency to explain the operation. To select word 1, input a is taken to its 1 state, which 
establishes mode 1. Data can now be clocked into the inputs marked ‘1,4D’’. Unless words 2 and 3 
are also selected, data cannot be clocked in at the inputs marked “2,4D” and “3,4D"’. The outputs 
will be the OR functions of the selected outputs, i.e., only those enabled by the active EN functions. 


The identifying numbers of affecting address inputs correspond with the addresses of the sections 
selected by these inputs. They need not necessarily differ from those of other affecting dependency- 
inputs (e.g., G, V, N,...), because in the general section presented by the symbol they are replaced by 
the letter A. | 
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If there are several sets of affecting Am inputs for the purpose of independent and possibly 
simultaneous access to sections of the array, then the letter A is modified to 1A, 2A, ... Because they 
have access to the same sections of the array, these sets of A inputs may have the same identifying 
numbers. 


Figure 21 is another illustration of the concept. 





RAM 16 X 4 


FIGURE 21 


FIGURE 21 — ARRAY OF 16 SECTIONS OF FOUR TRANSPARENT LATCHES WITH 3-STATE OUTPUTS 
COMPRISING A 16-WORD X 4-BIT RANDOM-ACCESS MEMORY 














Permits action 










TABLE IV — SUMMARY OF DEPENDENCY NOTATION 
TYPE OF LETTER AFFECTING INPUT AFFECTING INPUT 
DEPENDENCY } SYMBOL* AT ITS 1-STATE AT ITS 0-STATE 
Permits action (address selected) | Prevents action (address not selected) 
Prevents action of inputs. 
© outputs off. 
v outputs at external high impedance, 
no change in internal logic state. 
Other outputs at internal 0 state. 
| Mode = | MC Permits action (mode selected) Prevents action (mode not selected) 
Negate (X-OR) PON Complements state No effect 
Affected output reacts as 
Affected output reacts as 
Imposes 1 state Imposes 0 state 
*These letter symbols appear at the AFFECTING input (or output) and are followed by a number. Each input 
(or output) AFFECTED by that input is labeled with that same number. When the labels EN, R, and S appear at 
inputs without the following numbers, the descriptions above do not apply. The action of these inputs is 
described under ‘Symbols Inside The Outline’’, see 3.1. 
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BISTABLE ELEMENTS 


The dynamic input symbol, the postponed output symbol, and dependency notation provide the tools 
to differentiate four main types of bistable elements and make synchronous and asynchronous inputs 
easily recognizable. See Figure 22. The first column shows the essential distinguishing features; the 
other columns show examples. 


Transparent latches have a level-operated control input. The D input is active as long as the C input 
is at its internal 1 state. The outputs respond immediately. Edge-triggered elements accept data from 
D, J, K, R, or S inputs on the active transition of C. Pulse-triggered elements require the setup of data 
before the start of the control pulse; the C input is considered static since the data must be maintained 
as long as C is at its 1 state. The output is postponed until C returns to its 0 state. The data-lock-out 
element is similar to the pulse-triggered version except that the C input is considered dynamic in that 
shortly after C goes through its active transition, the data inputs are disabled and data does not have to 
be held. However, the output is still postponed until the C input returns to its initial external level. 


Notice that synchronous inputs can be readily recognized by their dependency labels (1D, 1J, 1K, 1S, 
1R) compared to the asynchronous inputs (S, R), which are not dependent on the C inputs. 


re | 


TRANSPARENT 
LATCHES 
ari 
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Lowe 
EDGE-TRIGGERED 
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| t 
{em a 
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| ae | 


PULSE-TRIGGERED 








eae 5 
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1K 7P 
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DATA-LOCK-OUT SN74110 1/2 SN74111 


FIGURE 22 — FOUR TYPES OF BISTABLE CIRCUITS 
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CODERS 


The general symbol for a coder or code 
converter is shown in Figure 23. X and Y xX/Y 
may be replaced by appropriate indications 
of the code used to represent the _ infor- 


mation at the inputs and at the outputs, 
respectively. FIGURE 23 — CODER GENERAL SYMBOL 


Indication of code conversion is based on the following rule: 


Depending on the input code, the internal logic states of the inputs determine an internal value. 
This value is reproduced by the internal logic states of the outputs, depending on the output 
code. 


The indication of the relationships between the internal logic states of the inputs and the internal 
value is accomplished by: 


1) labelling the inputs with numbers. In this case the internal value equals the sum of the 
weights associated with those inputs that stand at their internal 1-state, or by 

2) replacing X by an appropriate indication of the input code and labelling the inputs with 
characters that refer to this code. 


The relationships between the internal value and the internal logic states of the outputs are 
indicated by: 


1) labelling each output with a list of numbers representing those internal values that lead to 
the internal 1-state of that output. These numbers shall be separated by solidi as in Figure 
24. This labelling may also be applied when Y is replaced by a letter denoting a type of 
dependency (see Section 7). If a continuous range of internal values produces the internal 1 
state of an output, this can be indicated by two numbers that are inclusively the beginning 
and the end of the range, with these two numbers separated by three dots, e.g.,4...9= 
4/5/6/7/8/9, or by | 

2) replacing Y by an appropriate indication of the output code and labelling the outputs with 
characters that refer to this code as in Figure 25. 


Alternatively, the general symbol may be used together with an appropriate reference to a table in 
which the relationship between the inputs and outputs is indicated. This is a recommended way 
to symbolize a PROM after it has been programmed. 
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TRUTH TABLE 
















je b alg f e d 
0 0 Q0};0 0 
d 0 O 1 {0 1 
e 0 1 01,0 0 
f Oo 1 170 0 
g 1 0 0,0 1 
1 O 17,0 0 
1 1 QO; 0 0 
1 1 1 1 0 








FIGURE 24 — AN X/Y CODE CONVERTER 


TRUTH TABLE 


INPUTS OUTPUTS | 
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FIGURE 25 — AN X/OCTAL CODE CONVERTER 


7 USE OF A CODER TO PRODUCE AFFECTING INPUTS 


It often occurs that a set of affecting inputs 
for dependency notation is produced by 
decoding the signals on certain inputs to an 





element. In such a case use can be made of 
the symbol! for a coder as an embedded 


symbol. See Figure 26. FIGURE 26 — PRODUCING VARIOUS TYPES OF 
DEPENDENCIES 


If all affecting inputs produced by a coder 





are of the same type and their identifying X/M _ X/Y is 
numbers correspond with the numbers shown 1 0 - 1 0+ M0 
at the outputs of the coder, Y (in the qualify- 2 ; — 2 ; as 
ing symbol X/Y) may be replaced by the 
letter denoting the type of dependency. : ’ 
The indications of the affecting inputs should FIGURE 27 — PRODUCING ONE TYPE OF 
then be omitted. See Figure 27. DEPENDENCY 
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8 USE OF BINARY GROUPING TO PRODUCE AFFECTING INPUTS 


lf all affecting inputs produced by a coder are of the same type and have consecutive identifying 
numbers not necessarily corresponding with the numbers that would have been shown at the outputs 
of the coder, use can be made of the binary grouping symbol (see 3.1). k external lines effectively 
generate 2 internal inputs. The bracket is followed by the letter denoting the type of dependency 
followed by my, The m1 is to be replaced by the smallest identifying number and the m2 by the 
largest one, as shown in Figure 28. 


INO Lom] 
Ved 
> 
|o 

| 





FIGURE 28 — USE OF THE BINARY GROUPING SYMBOL 


9 SEQUENCE OF INPUT LABELS 





If an input having a single functional effect is affected by other inputs, the qualifying symbol (if there | 
is any) for that functional effect is preceded by the labels corresponding to the affecting inputs. 

The left-to-right order of these preceding labels is the order in which the effects or modifications 

must be applied. The affected input has no functional effect on the element if the logic state of any 

one of the affecting inputs, considered separately, would cause the affected input to have no effect, 
regardless of the logic states of other affecting inputs. 


If an input has several different functional effects or has several different sets of affecting inputs, 
depending on the mode of action, the input may be shown as often as required. However, there are 
cases in which this method of presentation is not advantageous. In those cases the input may be shown 
once with the different sets of labels separated by solidi. See Figure 29. No meaning is attached to the 
order of these sets of labels. If one of the functional effects of an input is that of an unlabelled input 


of the element, a solidus will precede the first set of labels shown. 
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If all inputs of a combinational element are eer, ee 


: a M1 4 M1 
disabled (caused to have no effect on the bh—1G2 _ 4 G2 
function of the element), the internal logic ¢—11R/1,2R c ee 


states of the outputs of the element are not 
specified by the symbol. If all inputs of a 
sequential element are disabled, the content 
of this element is not changed and the out- 
puts remain at their existing internal logic 





states. 
Labels may be factored using algebraic FIGURE 29 — INPUT LABELS 
techniques. 
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FIGURE 30 — FACTORING INPUT LABELS 


10 SEQUENCE OF OUTPUT LABELS 


If an output has a number of different labels, regardless of whether they are identifying numbers of 
affecting inputs or outputs or not, these labels are shown in the following order: 


1) if the postponed output symbol has to be shown, this comes first, if necessary preceded by 
the indications of the inputs to which it must be applied; 


2) followed by the labels indicating modifications of the internal logic state of the output, 
such that the left-to-right order of these labels corresponds with the order in which their 
effects must be applied; 


3) followed by the label indicating the effect of the output on inputs and other outputs of the 
element. | 
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Symbols for open-circuit or three-state 
outputs, where applicable, are placed just 
inside the outside boundary of the symbol 
adjacent to the output line. See Figure 31. 
mag SAR oe 
L277] 
If an output needs several different sets of 
; ; FIGURE 31 — PLACEMENT OF 3-STATE SYMBOLS 
labels that represent alternative functions 
(e.g., depending on the mode of action), these sets may be shown on different output lines that must 
be connected outside the outline. However, there are cases in which this method of presentation is not 
advantageous. In those cases the output may be shown once with the different sets of labels separated 


by solidi. See Figure 32. 


Two adjacent identifying numbers of affecting inputs in a set of labels that are not already separated 
by a nonnumeric character should be separated by a comma. 


If a set of labels of an output not containing a 


solidus contains the identifying number of an a—Ju1 1cr-9/1cT=15|_b a—tn1 icr-a-e-t 
affecting Mm input standing at its internal O = 1CT=15 


state, this set of labelshasnoeffectonthat | 


output. a—4IM1. 1CT=9/1CT=15 b _ a—Mi 1CT=9 b 
1CT=15 


Labels may be factored using algebraic 
techniques. FIGURE 32 — OUTPUT LABELS 
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FIGURE 33 — FACTORING OUTPUT LABELS 


If you have questions on this Explanation {EEE Standards may be purchased from: 


of New Logic Symbols, please contact: : ; ; ; 
Institute of Electrical and Electronics Engineers, Inc. 


F.A. Mann MS 84 345 East 47th Street 

Texas Instruments Incorporated New York, N.Y. 10017 

P.O. Box 225012 

Dallas, Texas 75265 International Electrotechnical Commission (IEC) 
Telephone (214) 995-3746 publications may be purchased from: 


American National Standards Institute, Inc. 
1430 Broadway 
New York, N.Y. 10018 
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typical performance 
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QUADRUPLE 
2-INPUT 
POSITIVE-NAND 
GATES 


SN5400 (J,FC) 
SN54ALS00 (J,FC) 
SN54HO0 (J, FC) 
SN54L00 (J) 
SN54LS00 (J,FC) 
SN54S00 (J, FC) 


01 


SN7400 (J,N) 


SN74HOO (J,N) 


SN74LS00 (J,N) 





typical performance 







Sir © [vee [Power [DELAY | 
POsiTIVENAND | 01 | 1omW| 2208 | 
Gateswith — [ALsoi] 1.28 mw] 16ns_ 
OPENCOLLECTOR| “Hoi | 22mW| Bas | 
Servis Pusor | 2mw] 1éns | 


SN5401 (J,FC) SN7401 (J,N) 
SN54ALS01 (J,FC) 
SN54H01 (J,FC) 


SN54LS01 (J,FC) 


SN74H01 (J,N) 
SN74LS01 (J,N) 


See The TTL Data Book 


02 


QUADRUPLE 
2-INPUT 
POSITIVE-NOR 
GATES 


typical performance 







SN5402 (J,FC) 
SN54ALS02 (J,FC) 
SN54L02 (J) 
SN54LS02 (J,FC) 
SN54S02 (J,FC) 


SN7402 (J,N) 


SN74LS02 (J,N) 


SN74S00 (J,N,FN) 


SN74ALS01 (J,N,FN) 


POWER [DELAY | 
ALs02| 1.89 mv] 5.5 m5 
502 


SN74ALS02 (J,N,FN) 


SN74S02 (J,N,FN) 


PRODUCT GUIDE 


pin assignments 


logic symbolt 


SN74ALS00 (J,N,FN) 


positive logic: Y = AB 
See The TTL Data Book 


logic symbol, ‘01, ‘ALSO1, ‘Lsoit pin assignments, ‘01, ‘ALSO1, ‘LSO1 


1 #1Y 




















Fo, FN PACKAGES _ 
ta [a ay fa ne [ay 
r2 te [9 3a [fo 1a ra ne 
rs ty [to 28 [3 ne [13a 
Ta 2a [as_av [fa 18 [14 nc 
rs 28 [12 4a |] sty [15 38 
[say [1948 [| 6 20 
[7 eno] 14 veel] 7 28 

gne [18 ne 





= - —— 20 Vcc 
Positive logic: Y = AB 





logic symbolt 







pin assignments 





J,NPACKAGES _ || Fc, FN PACKAGES 


















pt 1yv [| 8 3A [fi ne [11 3a_| 

fa ta_[ eae [2 ay [v2 ne 

rate a0 ay |f'3 ne 1338 

ra_ay [at aaa tA] 14_ne 

[5 2A [12 48 [| 5 18 {15 3y_ | 

[6 2B [13 ay |} 6 2v |i6 4a_| 

[7 GND] 14 Vec]| 7 2a [17 48 

|B onc fig ne | 

positive logic: Y=A+B 





See The TTL Data Book 


Tt Pin numbers shown on logic symbols are for J and N packages only. 


nc — no internal connection 
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03 


QUADRUPLE 
2-INPUT 
POSITIVE-NAND 
GATES WITH 


OPEN-COLLECTOR 


OUTPUTS 


SN5403 (J, FC) 
SN54ALS03 (J,FC) 
SN54L03 (J) 
SN54LS03 (J,FC) 
SN54S03 (J,FC) 


04 


HEX 
INVERTERS 


SN5404 (J,FC) 
SNS54ALS04 (J,FC) 
SN54H04 (J,FC) 
SN54L04 (J) 
SN54LS04 (J,FC) 
SN54S04 (J,FC) 


05 


HEX INVERTERS 
WITH OPEN- 
COLLECTOR 
OUTPUTS 


SN5405 (J,FC) 
SN54ALS05 (J,FC) 
SN54H05 (J,FC) 
SN54LS05 (J,FC) 
SN54S05 (J,FC) 


typical performance 


typical performance logic symbo!t 


10mW] 22 ne 


T*ALSo3 11.28 mw 


SN7403 (J,N) 
SN74ALS03 (J,N,FN) 


SN74LS03 (J,N) 


ositive logic: Y = AB 
SN74S03 (J,N,EN) e : as 


See 77L Data Book 


logic symbolt 
(1) 


Tsoe | 2mW | ase | 


positive logic: Y=A 


SN7404 (J,N) See TTL Data Book 


SN74ALS04 (J,N,FN) 
SN74H04 (J,N) 


SN74LS04 (J,N) 
SN74S04 (J,N,FN) 


typical performance logic symbolt 


| TYPE |POWER [DELAY | uy 
[05 | tomw] 28 ns 
[-ALs06 [1.27 mw] 13.5 0s 
[Hos [22 mW] ene | 
Tisos | 2mw| 16 ne 
| ‘sos ]17.5mw] Sas | 


SN7405 (J,N) 
SN74ALS05 (J,N,FN) 
SN74HOS (J,N) 
SN74LSO5 (J,N) 
SN74S05 (J,N,FN) 


positive logic: Y =A 
See T7L Data Book 


tT Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection. 


TEXAS INSTRUMENTS 
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pin assignments 


Pin assignments 


pin assignments 


110 GND }20_v 








06 logic symbolt 


HEX INVERTER BUFFER/DRIVERS (1) 
WITH OPEN-COLLECTOR HIGH- 

VOLTAGE OUTPUTS 

typical performance 


HIGH- LOW- 
LEVEL LEVEL 
DELAY 
OUTPUT OUTPUT 
TIME 
VOLTAGE | CURRENT 


SN54’ 30 V 30 mA 26mW | positive logic: Y=A 
SN74’ 30 V 40 mA 26 mW See 77L Data Book 


SN5406 (J,FC) SN7406 (J,N) 


TYPICAL 


07 logic symbolt 


HEX BUFFERS/DRIVERS WITH OPEN- (i) 
COLLECTOR HIGH-VOLTAGE OUTPUTS 


typical performance 


HIGH- LOW- 
LEVEL LEVEL 
DELAY 
OUTPUT OUTPUT 
TIME 
VOLTAGE ; CURRENT 


SN54’ 30 V 30 mA 13 ns 21 mW oe : 
SN74' 30 V 40 mA 13ns_| 21mw_| Positive logic: ¥ =A 


See 77L Data Book 
SN5407 (J,FC) SN7407 (J,N) 


TYPICAL 


0 8 typical performance logic symbo!t 


QUADRUPLE |_TYPE |POWER | DELAY | 
2-INPUT | 08 | 19mW{  15ns | 
GATES 

| ‘sos | 32mw| 4.75 ns | 


SN5408 (J,FC) SN7408 (J,N) 
SN54ALS08 (J,FC) SN74ALS08 (J,N,FN) 
SN54LS08 (J,FC) SN74LS08 (J,N) 
SN54S08 (J, FC) SN74S08 (J,N,FN) 


Positive logic: Y = AB 
See TTL Data Book 


PRODUCT GUIDE 


pin assignments 


[aN PACKAGES |] FC, FNPACKAGES | 
ta fe ay 1 ta [11 nc | 
rz [9 4a [[2 ne faa av 
rs aa [to 5y_|[3_ne [13 ne | 
ra_2v_ [11 sal 4 ty | 14 4a | 
rs 3a [12 ey || 5 2A [15 sy 
[say [13 6a |e ay [16 5A 
[7 GND [14 Veg |[ 7 3a [17 oy | 

8 onc | 18 nc 


[s_ay_[r9 6a] 
[io éno [20 Vee 


Pin assignments 


| J,NPACKAGES {| FC, FN PACKAGES 
Ce Eee 
1Y 


| 

| 

3 2a [10 sy | 3 ne 

}42y [a1 5a la ty [14 4a | 

[5 3a_{12 ey [| 5 24 
| 
| 
| 
| 
| 


1 8 4 
[3 2A 
11 5 


z¥ 
3A 
ene] 


pin assignments 


To:NPACKAGES || Fo, FN PACKAGES 


9 3A 


fs ay [io ap || 3 1a |13_20_| 
3.4é«#Y, 10 3B 3 #I1A 13. 3A 
fa 2a [1 ay lls 18 [14 ne 
fs28 [12 4a] 5 1Y [15 38 _| 
fe2y [1348 [6 2a [16 av 
[76nd [14 Vogl] 728 [17 re _| 
[snc [18 4a] 








T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 
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09 typical performance logic symbolt pin assignments 


QUADRUPLE | TYPE {POWER | DELAY | 
2-INPUT | ‘09 _| 19.4 mW] 18.5 ns | 
POSITIVE-AND | “ALso9| 2.22 mW] 151s 
GATES WITH FLso9 [4.25 mW] 20 ns | 

OUTPUTS ae 
SN54ALS09 (J,FC) — SN74ALS09 (J,N,FN) se 


SN5S4LS09 (J,FC) SN74LS09 (J,N) 
SN54S09 (J,FC) SN74S09 (J,N,FN) 


Positive logic: Y = AB 
See 77L Data Book 


10 typical performance logic symbolt ‘pin assignments 


TRIPLE 3INPUT |_TYPE | POWER | DELAY | m 
POSITIVE-NAND | ‘10 | 10mW]  10ns | 
GATES _ | ‘ALS10 
22mW] __Gns | 
| ‘tsi | 2mW 9.5ns_ 
| ‘S10 | 


SN5410 (J,FC) SN7410 (J,N) 
'SN54ALS10 (J,FC) SN74ALS10 (J,N,FN) 
SN54H10 (J,FC) SN74H10 (J,N) 
SN54L10 (J) 

SN54LS10 (J,FC) SN74LS10 (J,N) positive logic: Y = ABC 
SN54S810 (J,FC) SN74S10 (J,N,FN) See TTL Data Book 


11 typical performance logic symbo!t pin assignments 


tripe sineut [TVPE [POWER [DELAY ] 1a! 
posiTIVE-AND ['ALSIT[2.17mW| Ons 
GATES Cant | 4omw | 820s | 

LSI [426 mW | 12s | 

Psi [at mw [4.76 as 


SN54ALS11 (J,FC) SN74ALS11 (J,N,FN) 
SN54H11 (J,FC) SN74H11 (J,N) 
SN54LS11 (J,FC) SN74LS11 (J,N) 
SN54S11 (J,FC) SN74S11 (J,N,FN) 


positive logic: Y = ABC 
See T7L Data Book 


t Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 
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Fo, FN PACKAGES | 
[tre Jn oy 
2 nc [12 nc | 
[31a [33a 
[418 [14 ne 


fiz 4a iis iy [15 38 | 


fs 2a [16 av | 
[728 [17 ne 
[ene [18 aa 
[s2y [19 48 


FC, FN PACKAGES 


“1m 
NTN 
O| a 


wo 
N 
< 








PRODUCT GUIDE 


1 2 typical performance logic symboit pin assignments 


) 
TRIPLE 31NPUT TYPE | POWER [DELAY | 18— 
positivenano [12 | 10mW| 22ne_ 
GATES WITH 
orencouector Fisig | 2mwW| 16ns_ : 
| 5 2a | 15 3A 


ne 
OUTPUTS | 4 1B 
SN5412 (J,FC) SN7412 (J,N) Te 2B | 
SN54AL812 (J,FC) = SN74ALS12 (J,N,FN) - 
SN54LS12 (J,FC) SN74LS12 (J,N) 
19 


positive logic: Y = AB 
See TTL Data Book 


13 typical performance logic symbolt pin assignments 


DUALAINPUT. . LUEXPE HYSTERESIS /DELAY! [S,NPACKAGES || FC, FN PACKAGES | 
POSITIVENAND | ‘13 | O8V_ |16.5ns_| aay (ft ne [ai ne | 


SCHMITT ftsi3{  o08Vv . [16.5ns| / f2-1B | 9 2a [2 ne |12 2¥ | 
TRIGGERS [3 nc [10 28 | 
SN5413 (J,FC) SN7413 (J,N) [4 ic [tt nc | 


| 

fs ap [12 2¢ || 

SNS54LS813 (J,FC) SN74LS13 (J,N) le iy {13 2 | 
[7 en [14 veo | 


3 #A 
4 nec 
6 1C 
7 #10 
9 1Y 
10 


p18 nc | 
jo iY [19 20 | 
Positive logic: Y = ABCD 
See 77TL Data Book 


14 typical performance logic symbolt pin assignments 


(1) 
HEX | JN PACKAGES || FC, FN PACKAGES _ 
- 8 4Y Ji 1 1A 
scuwiTt- = 4a | oBv | tons Ee a eee Cee 
TRIGGER fusia|osV | tas | fo sy | 
eae SN7414 (J,N) 11 5A {14 1Y [14 4A | 
| fi2_6y [5 2a 
| 
| 





SN54LS14 (J,FC) SN74LS14 (J,N) 6 2Y 
GND 7_ 3A 


}18 nc | 
ay {19 6A 


positive logic: Y=A 
See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 
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15 typical performance logic symbolt pin assignments 


TRIPLES-INPUT | TYPE [POWER [DELAY | 1a—W 

POSITIVE-AND |ALS15| 2.22 mW] 15ns | 

OPEN-COLLECTOR | ‘LS15 |4.25mW| 15ns | 
OUTPUTS | 'sis | 28mw] 152s _| 


SN54ALS15 (J,FC) SN74ALS15 (J,N,FN) 
SN54H15 (J,FC) SN74H15 (J,N) 
SN54LS15 (J,FC) SN74LS15 (J,N) 
SN54S15 (J,FC) SN74S15 (J,N,FN) 


Positive logic: Y = ABC 
See 77L Data Book 


16 logic symbolt pin assignments 


1 
HEX INVERTER BUFFER/DRIVERS WITH m 
OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS 
typical performance 


HIGH- LOW- 
LEVEL LEVEL 
OUTPUT OUTPUT 
VOLTAGE | CURRENT 


TYPICAL 
DELAY 
TIME 


7 GND! 14 Vec 
SN74‘ 15V 40 mA | 26 mw — |7_GNo| 
SNS4’ 15V 30 mA 26mWw | Positive logic: Y=A 


SN5416 (J) SN7416 (J,N) See TTL Data Book 


17 logic symbo!t pin assignments 


HEX BUFFERS/DRIVERS WITH OPEN- . 
COLLECTOR HIGH-VOLTAGE OUTPUTS | 8 ay 


typical performance 


HIGH- LOW- TYPICAL 
TYPICAL 
LEVEL LEVEL POWER 
DELAY 
OUTPUT OUTPUT TIME PER 
VOLTAGE | CURRENT GATE 


SN74’ 1i5V 40 mA 13 ns 21 mW ee ; 
Positive logic: Y=A 
SN54’ 15V 30 mA 13 ns 21 mW 


See TTL Data Book 
SN5417 (J) SN7417 (J,N) 





Tt Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 
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18 typical performance logic symbolt pin assignments 


SCHMITT-TRIGGER | TYPE|HYSTERESIS|DELAY | 14 
POSITIVE-NAND ‘LS18 7. 8 2Y 


2 
GATES WITH TOTEM- 1 


ara 
POLE OUTPUTS [4 ic [11 ne _| 
SN54LS18 (J) SN74LS18 (J,N) 

14 Voc | 


positive logic: Y = ABCD 
See 7TL Data Book 


19 typical performance logic symbolt pin assignments 


scHMlty TRIGGER u TEN PACKAGES 
ica ie ea 


INVERTERS WITH 


1 #1A 

TOTEM-POLE 
ouTPUTS 
SN54LS19 (J) SN74LS19 (J,N) 


positive logic: Y = A 
See TTL Data Book 


20 typical performance logic symbolt pin assignments 


buat 4ineur [Type [POWER [DELAY 
POSITIVENAND [29 | tom] 1075 


GATES 


Cc, FN PACKAGES 
nc 


—_ 
ok 


nc 
12 2Y 
13° one 
nc 
15 2” 
168 2B 


7 GND|14 Voc{{ 7 10 17 2C | 


8 ne nc 
SN5420 (J,FC) SN7420 (J,N) |} 9 1¥ [19 2D 
SN54ALS820 (J,FC) = SN74ALS20 (J,N,FN) , |}10 GND] 20 Vcc | 
SN54H20 (J,FC) SN74H20 (J,N) positive logic: Y = ABCD 

SN54L20 (J) See TTL Data Book 

SN54LS20 (J,FC) SN74LS20 (J,N) 

SN54820 (J,FC) SN74S20 (J,N,FN) 


ne 
1A 


nc 


Sl 





Bey 
_ 
L 


1c 


= 
lee) 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 
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21 typical performance logic symbolt pin assignments 


DUAL 4-INPUT | J,NPACKAGES || FC, FNPACKAGES | 
POSITIVE-AND | 
GATES 


|_'Ls2i | 4.25 mw] 12ns | 


SNS4ALS21 (J,FC) SN74ALS21 (J,N,FN) 
SN54H21 (J,FC) SN74H21 (J,N) 
SN54LS21 (J,FC) SN74LS21 (J,N) 


positive logic: Y = ABCD 
See 7TL Data Book 


2 2 typical performance logic symbolt pin assignments 


DUAL 4-INPUT —[_ TYPE | POWER |DELAY | 
eae | ‘22 | 10 mw] mW | 22 ns | ns 
AT ; 
OUTPUTS 
| ‘LS22 | 2mW] 16 ns | 
| 822 |17.5mw] 5 ns | 


SN5422 (J,FC) SN7422 (J,N) 
SN54AL822 (J,FC) SN74ALS822 (J,N,FN) 
SN54H22 (J,FC) SN74H22 (J,N) 
SN54LS22 (J,FC) SN74LS22 (J,N) 


SN54S22 (J,FC) SN74S22 (J,N,FN) Positive logic: Y = ABCD 


See 77L Data Book 


2 3 typical performance logic symbolt pin assignments 


EXPANDABLE DUAL |_ TYPE | POWER | DELAY | 1c |_J,NPACKAGES | 


ainpurPositive- [23 | 23mW] 10.518] 4, 9 2Y 
NOR GATES WITH | 


SOGEE [3 1B [11 28 | 
SN5423 (J) SN7423 (J,N) 
| [6 1D [14 20 | 

7_1Y 


positive logic: 
1¥ = 1G (1A+1B+1C+1D)+X 
2Y = 2G (2A+2B+2C+2D) 
X = output of SN5460/SN7460 
See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc -— no internal connection. 
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24 logic symbolt pin assignments 


SCHMITT-TRIGGER 
POSITIVE-NAND 
GATES/INVERTERS /2 18 | 9 3A | 
WITH TOTEM POLE 
OUTPUTS 

|5 2B [12 4A | 4A 
typical performance 


fus2at ory | 190s 


SN54LS24 (J) SN74LS24 (J,N)° = 
positive logic: Y = AB 
See TTL Data Book 


2 5 typical performance logic symbolt pin assignments 


DUAL 4-INPUT |_TYPE | POWER | DELAY 
POSITIVE-NOR ‘25 


GATES WITH 
STROBE 


SN5425 (J,FC) SN7425 (J,N) 


positive logic: 
Y =G (A+B+C+D) 
See TTL Data Book 


2 6 logic symbolt pin assignments 


QUADRUPLE 2-INPUT HIGH-VOLTAGE | 1. NPACKAGES _| 


C, FN PACKAGES 


ne 


INTERFACE POSITIVE-NAND GATES 1 1A 
2 18 nc 
typical performance ae 


| 
| 
| 
HIGH- }11_ ay || 
LEVEL LEVEL 112 4a || 5 1Y 
| 
| 
| 


> 





TYPE 
OUTPUT 6 2A 
VOLTAGE 14 Vec|] 7 2B 


SN5426 (J,FC) SN7426 (J,N) positive logic: Y = AB 
SN54LS26 (J,FC) SN74LS26 (J,N) See TTL Data Book 


Y 


ra 18 | 
eB Av 
re 2m] 
eras 
| 8 onc | 


Q) 
2 
Oo 
LN 
Oo 
< 
oO 
2) 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 
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2] typical performance 


TRIPLE 3-INPUT | TYPE | POWER | DELAY 
POSITIVE-NOR 
ne 

10 ns 


SN7427 (J,N) 
SN74ALS27 (J,N,FN) 
SN74LS27 (J,N) 


SN5427 (J,FC) 
SN54ALS27 (J,FC) 
SN54L827 (J,FC) 


28 


QUADRUPLE 2-INPUT 
POSITIVE-NOR BUFFERS 


typical performance 


LOW- HIGH- 
LEVEL LEVEL 
ee OUTPUT OUTPUT 
CURRENT | CURRENT 


Paa @ma | -2.4mA | 
Pausee | 12ma_[__-1mA 
SNSALS 


SN5428 (J,FC) SN7428 (J,N) 
SN54ALS828 (J,FC) SN74ALS28 (J,N,FN) 
SN54LS28 (J,FC) SN74LS28 (J,N) 


3 0 typical performance 


| TYPE | POWER | DELAY | 


8-INPUT 


POSITIVENAND |__‘30_| 10mW|_10ns | 
0 |__ 6s | 


22 mW 
1m] 335 | 


$N7430 (J,N) 
SN74ALS30 (J,N,FN) 
SN74H30 (J,N) 


22 mi] 
3 


SN5430 (J,FC) 
SN54ALS30 (J,FC) 
SN54H30 (J,FC) 
SN54L30 (J) 
SN54LS30 (J,FC) 
SN54S30 (J,FC) 


SN74LS30 (J,N) 
SN74S30 (J,N,FN) 


logic symbo!t 
(1) 


positive logic: Y = A+B+C 
See TTL Data Book 


logic symbolt 


positive logic: Y = A+B 
See 77L Data Book 


logic symbolt 


positive logic: 
Y = ABCDEFGH 
See TTL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 


nc — no internal connection, 
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pin assignments 


[ZN PACKAGES [| Fo, FN PACKAGES | 
Ta [8 ay [lt 1a [11 ne 
218 | 9 9a || 2 ne [12 oY 
[32a [1098 || 3 ne [13 ne 
428 [11 ac | 418 [14 ne 
S20 [12 1 || 5 2a [15 oA 


pin assignments 


pin assignments 


[EN PAGKAGES || FC, FN PACKAGES 





3 2 typical performance 


auaprurLe [TvPE [POWER [DELAY] 
zinPuT [| 24m] 1200 | 
POSITIVE-OR [Aisaa| 281 miv| 6.6 ns_ 


SN5432 (J,FC) SN7432 (J,N) 
SN54ALS32 (J, FC) SN74ALS32 (J,N,FN) 
SN54LS32 (J,FC) SN74LS32 (J,N) 
SN54S32 (J,FC) SN74S32 (J,N,FN) 


33 


QUADRUPLE 2-INPUT 
POSITIVE-NOR BUFFERS 
WITH OPEN-CCOLLECTOR 
OUTPUTS 

typical performance 


HIGH- 

LEVEL LEVEL 
OUTPUT OUTPUT 
VOLTAGE | CURRENT 


logic symbo!t 


Positive logic: Y = A+B 
See TTL Data Book 


logic symbolt 


33 | sv | 4BmA | 28mW | tins | ap 


Faussa | _ssv | 12ma_[aosmw | 145 ne 


SN54LS' 5.45mW | 19ns | positive logic: Y = A+B 
sn7aus‘| 5.5V | 12maA [5.45mW | 19ns_| See TTL Data Book 


SN5433 (J,FC) SN7433 (J,N) 
SN54ALS33 (J,FC) SN74ALS33 (J,N) 
SN54LS33 (J,FC) SN74LS33 (J,N,FN) 


37 


QUADRUPLE 2-INPUT 
POSITIVE-NAND BUFFERS 
typical performance 


LOW- HIGH- 
LEVEL LEVEL 
TYPE 
. OUTPUT OUTPUT 
CURRENT 


zy 
304 mi 
rs7aus"[ 24 ma | 1.2 ma 


SN5437 (J,FC) SN7437 (J,N) 
SN54ALS37 (J,FC) = SN74ALS37 (J,N,EN) 
SN54LS37 (J,FC) SN74LS37 (J,N) 
SN54837 (J,FC) SN74S37 (J,N,FN) 


logic symboit 


positive logic: Y = AB 
See 77L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 


nc — no internal connection, 


PRODUCT GUIDE 


pin assignments 


rire [a1 ay] 
rane [12 ne | 
rate [14 ne | 
na 48 | 
Pane [18 aA 


pin assignments 


15 3Y 


[s2a_[12 48 | 
ay [628 [13 av [| 6 2v [16 40 


[76nd [14 vec ]| 72a [17 a8 
| 8 nc | 18 nc | 


[22619 av | 
[io eno | 20vcc| 


pin assignments 


| J,NPACKAGES |} FC, FN PACKAGES 
CT | 
218 | 9 3A |] 2 ne | 
sty [10 38 || 3 1A [13 3A | 
[42a [tt ay || 4 18 [14 ne 
[5 2B 112 4a |] 5 tv [15 38 | 
fs2v [13 48 || 6 2a [16 av | 
[7_Gno [+4 Veol| 7 28 | 
[ane [18 4a_| 
| 9 2¥ |19 4B 
[io_GnD | 20 Vee. 
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3 8 logic symbolt pin assignments 


QUADRUPLE 2-INPUT 
POSITIVE-NAND BUFFERS 
WITH OPEN-COLLECTOR 
OUTPUTS 
typical performance 

HIGH- 

LEVEL LEVEL 

OUTPUT OUTPUT 


‘ALS38 

sns4ts'| 5.5V |  12mA | positive logic: Y = AB 
SN74LS' See TTL Data Book 
538 

SN5438 (J,FC) SN7438 (J,N) 

SN54ALS38 (J,FC) SN74ALS38 (J,N,FN) 

SN54LS38 (J,FC) SN74LS38 (J,N) 

SN54S38 (J,FC) SN74S38 (J,N,FN) 


logic symbolt pin assignments 
DUAL 4-INPUT POSITIVE- 


NAND BUFFERS 
typical performance 


| 


1A 
Ear 
4 1C 
[S10 


1320 |f etc 16 26 
[7 eno [14 Veg |[ 710 [1720] 
8 onc 118 nc | 


positive logic: Y = ABCD 
See TTL Data Book 
SN5440 (J, FC) SN7440 (J,N) 
SNS54ALS40 (J,FC) SN74ALS40 (J,N,FN) 
SN54H40 (J,FC) SN74H40 (J,N) 
SN54LS40 (J,FC) SN74LS40 (J,N) 
SN54S40 (J,FC) SN74S40 (J,N,FN) 


4? typical performance logic symbolt pin assignments 


4-LINE TO 10-LINE SELECT power BCD/DEC 
DECODERS TIME 
(BCD todecimal) | ’42A 

L42 


SN5442A (J,FC) SN7442A (J,N) 
SN54L42 (J) 
SN54LS42 (J,FC) SN74LS42 (J,N) 


° 


onan DO oH BP WwW NH wt 


See 77L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc ~— no internal connection. 





8-14 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


43 typical performance 


4-LINE TO 10-LINE rve| SES Trower 
DECODERS (EXCESS TIME 
3 TO DECIMAL) 


SN5443A (J,FC) SN7443A (J,N) 


SN54L43 (J) 


44 typical performance 


4-LINE TO 10-LINE 
DECODERS (EXCESS 


SN5444A (J,FC) 
SN54L44 (J) 


SN7444A (J,N) 


Ab typical performance 


OFF-STATE 
OUTPUT 
VOLTAGE 


[as | s0v__ [21s mi| 


SN7445 (J,N) 


BCD-TO-DECIMAL 
DECODER/DRIVER | TYPE 


SN5445 (J,FC) 


rere ne PONE 
TYPE 

TIME 

3-GRAY TO DECIMAL) 


logic symbo!t 


x/Y 
[EX3/DEC] 


See 77L Data Book 


logic symbolt 


See TTL Data Book 


logic symbo!t 
BCD/DEC 


See TTL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 


nc — no interna} connection, 


Oo 


© ON OO om fF WwW RH = 


OooN Oo PWN - CO 








PRODUCT GUIDE 


pin assignments 


pin assignments 


J,N PACKAGES 


FC, FN PACKAGES 


n 


eee 
—_ 


ieee | 
}14 9 | 
[15 D | 
jie c | 
17 8B 
18 nc 


—_ | 
WEN 
oO 


Cee eae 
21 [10 3 | 
[32 [ug | 
430 [12 3 
jp 4 [13 Cc 


13 C 


3 2 
4 3 

6 5 |14 B | 
}8_GND | 


_ 
~ 
ive] 


8 GND/ 16 Vcc 


ee eS Ge ES SS SS 
—_ 
~J On WIN 
o W nN] 
— 
o 
o) 


pin assignments 


| JNPACKAGES || FC, FN PACKAGES 








TEXAS INSTRUMENTS 


POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


INCORPORATED 


8-15 


8-16 


PRODUCT GUIDE 


46,47 


BCD-TO-SEVEN-SEGMENT 
DECODERS/DRIVERS 

(46 -30 V OUTPUTS 

47 -15 V OUTPUTS) 


typical performance 


OFF-STATE 
TYPE | OUTPUT 
VOLTAGE 


720 mn 
Las 


SN5446A (J,FC) 
SN54L46 (J) 
SN5447A (J,FC) 
SN54L47 (J) 
SN54LS$47 (J,FC) 


48 


BCD-TO-SEVEN-SEGMENT 
DECODERS/DRIVERS 
typical performance 


SN5448 (J,FC) 
SN54LS48 (J,FC) 


SN7448 (J,N) 
SN74LS48 (J,N) 


49 


BCD TO SEVEN SEGMENT 
DECODERS/DRIVERS 
(OPEN-COLLECTOR 


OUTPUTS) 
typical performance 


OFF-STATE 
TYPE | OUTPUT 
VOLTAGE 


| 49 | 5.5 V [165 mW 


SN5449 (J,FC) 
SN54LS49 (J,FC) 


T Pin numbers shown on logic symbols 
are for J and N packages only. 
ne — no internal connection. 


SN7446A (J,N) 


logic symbolt 


BIN/7-SEG 
(T 1] v 


See 77L Data Book 


SN7447A (J,N) 


SN74LS47 (J,N) 


logic symbolt 
BIN/7-SEG 
(T 1] 


BIN/7-SEG 
(T1] 


SN7449 (J,N): 
SN74LS49 (J,N) 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


pin assignments 


ae 

[3 iT | 
Bl/ 

4 —~ 
RBO 

7 A 

8 


FC, FN PACKAGES 


[ie | 
12d | 
15 b 
17 g 


4 
N) 
oO 
= 
nN 
a 


w 
rc 
+ 


ololi~n ia! wm 
PIs /O]D 
- @ 


WwW 
3 
oO 


Ei 


11 3c 
+ ao oF fee 
RBO 
[6 OD | 16 a | 
[8 GND | 


GND|16 Vcc 


feaea) 
}i9 tf 


pin assignments 


J,N PACKAGES 
jib | oe | 
[2c | 
3 tT [mc 


FC, FN PACKAGES 


ie 
2 ¢ ieee, 2) 
af |u 
Wee [em fee 
RBO 

smal s |e Fol 8 | 
5 R 13 a = 

RBO 
6 0 [149 || 6 ReT|16 s | 
7a [ist If? [wo 
fe GNo] 16 Vogl] @ ne | 18 ne 


15 b 
17 g 


pin assignments 


Eee aCe 
| 4 Br 14 nc | 
ps5 Dp {15 b 
}6 A [iG a | 
| 8 nc | 18 ne | 
Oe: 7/10 fs 





FONT TABLE T1 — FOR ‘46, ’47, ‘48, ‘49 





5 6 7 8 9 10 11 12 413 #14 «+15 





PRODUCT GUIDE 


5 0 typical performance logic symbolt pin assignments 


DUAL 2-WIDE 2-INPUT uM 


AND-OR-INVERT GATES 


(ONE GATE EXPANDABLE) | ‘H50 | 29 mw] 6.5ns | 


SN5450 (J) SN7450 (J,N) 
SN54H50 (J) SN74H50 (J,N) 


positive logic: Y = AB+CD+X 
‘50: X = output of SN5460/SN7460 
‘H50: X = output of SN54H60/SN74H60 
See TTL Data Book or SN54H62/SN74H62 


typical performance logic symbol, ‘51, ‘H51, ‘S51? pin assignments, ‘51, ‘H51, ‘S51 


[TYPE | POWER [DELAY FC, FN PACKAGES 
invert Gates [51 | _14 mW] 10.5 ns_ 
Piet | 2omw] 65ns_ 
isst [2.75 mw [12.5 ns_ 
sot | 2am] a5ns | 


N) |= 
—_ 
> 


=] 
a | om 
WIN 


TY 
ne 


1c 

15 1D 
[16 nc | 
[18 ne | 
1918 


ww] ]} ory} GO 
3 
po 
_ = 
~ > 


SN5451 (J,FC) SN7451 (J,N) 
SN54H51 (J,FC) SN74H51 (J,N) 
SN54L51 (J) 

10 GND {20 V 
SN54LS51 (J,FC) SN74LS571 (J,N) a 


SN54851 (J,FC) SN74S51 (J,N,FN) positive logic: ¥ = AB+CD 


nc 


tc } oO 
Nn 
< 


logic symbol, ‘L51, ‘Ls51t pin assignments, ’L51, ‘LS51 


J, N PACKAGES 
1° #1A 
2 2A 
3 28 


FC, FN PACKAGES 
1A 
ne 12 1Y 
nc nc 
2A 14 10 


oO 
as 
< 
— 


: 


Ww 
_ 
Qa 


= 
(2) 


6 2C 
7 2D 


16 1F 
17° 1B 


13 
14_Vec 


=—/|— 

fh ot 

=| 

oin 
oo 

> 


| 8 onc 118 nc | 
9 2¥ {19 1c | 
[io_6No [20 vec 


Positive logic: 
1¥ = (1A°1B°1C)+(1D°1E'1F) 
2Y = (2A‘'2B)+(2C:2D) 


See T7L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 
nu — make no external connection. 











TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


8-17 


PRODUCT GUIDE 


5 2 typical performance logic symbolt pin assignments 


EXPANDABLE 4-WIDE [TYPE | POWER |DELAY | (1) 


SN54H51 (J) SN74H51 (J,N) 


positive logic: Y = AB+CDE+FG+HI+X 
X = output of SN54H61/SN74H61 


See T7L Data Book 


53 typical performance logic symbol, ‘53t pin assignments, ‘53 


EXPANDABLE 4.wipe [TYPE | PoweR [DELAY | a—! 
AND-OR-INVERT GATES 
'HS3 | 4imw[ 6.6ns | 


SN5453 (J) SN7453 (J,N) 
SN54H53 (J) SN74H53 (J,N) 


> 


CaN PAGKAGES 
jp A fs y | 
46 ja x 
ae Bre es 
[6 nc [13 B 


B 
c 
D 
E 
F 
G 
H 
x 


| 


positive logic: Y = AB+CD+EF+GH+X 
X = output of SN5460/SN7460 


logic symbol, ‘H53t pin assignments, ‘H53 
(1) 


zT ammonia Y 


positive logic: Y = AB+CD+EFG+HI+X 
X = output of SN54H60/SN74H60 


See TTL Data Book or SN54H62/SN74H62 
ee ata Boo 





t Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 





8-18 : TEXAS INSTRUMENTS 


INCORPORATED 
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PRODUCT GUIDE 


54 typical performance logic symbol, ‘54T pin assignments, ‘54 


4.WIDE AND.OR- DELAY 
INVERT GATES |_’54 | 23 mW 
‘LS54 | 4.5 mw 


SN5454 (J,FC) SN7454 (J,N) 
SN54H54 (J,FC) SN74H54 (J,N) 
SN54L54 (J,FC) 

SN54LS54 (J,FC) SN74LS54 (J,N) 


FC, FN PACKAGES 


12 G 


12 6 | 
[14 ne 
jis H | 


o}a 
O|~< 
hIQ}N 
oO > 


12 nu 
nc 13 B 
7 GND/14 Vcc 


rie ne 
7 [is 8] 


ne 
c 


; 


zon mooie >p 


ae a a ee es es es ee 





positive logic: Y = AB+CD+EF+GH . ; , 
pin assignments, ‘H54 


logic symbol, ‘H54t 1 nc 
(1) p12 nc | 


1 


[ee | 
[18 nc 
19 8 
positive logic: Y = AB+CD+EFG+HI 


logic symbol, ‘L54, ‘Ls54t 
(1) 


zroaonrnmooewvp 





positive logic: Y = AB+CDE+FGH+I5 
See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 


nu — make no externai connection, 
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PRODUCT GUIDE 


5 5 typical performance logic symbol, ‘H55t pin assignments, ’H55 


2-WIDE 4-INPUT [type [power [Decay] a—J | _J,NPACKAGES || FC, FN PACKAGES | 
AND-OR-INVERT GATES Pt one | 11 ne | 


SN54H55 (J,FC) SN74H55 (J,N) 
SN54L55 (J) 

SN54LS56 (J,FC) SN74LS55 (J,N) 
[8 nc | 18 ne | 


x zrTranmtimooises > 


~I 


positive logic: Y = ABCD+EFGH+X pin assignments, ’L55, ‘LS55 


X = Output of SN54H60/SN74H60 logic symbol, ‘L55, ‘LS55t (J, NPACKAGES || FC, FNPACKAGES | 

SRA ases pa fey is a Tt ne | 

fzise ioc mene || oem faa eo 

fac fio e [fs ne [13 ve | 
fa ofa ane 


rane 
rs ne [126 [fs ne [ise | 

[ec [6 F_ 
yond [ta vee []7 2 [17 6 _| 

jp 8 one | 18 nc 
[9 nc | 19 H | 
['o_cno| 20vee 


A 
B 
C 
D 
E 
F 
G 
H 


See TTL Data Book 


60 


DUAL 4-INPUT 
EXPANDERS 


SN5460 (J) SN7460 (J,N) 

SN54H60 (J) SN74H60 (J,N) 

‘60 positive logic: 

X = ABCD when connected to X and X inputs of 
SN5423/SN7423, SN5450/SN7450, or 
SN5453/SN7453 

‘H6O positive logic: 

X = ABCD when connected to X and X inputs of 
SN54H50/SN74H50, SN54H53/SN74H53, or 
SN54H55/SN74H55 


61 typical performance logic symbolt 


TRIPLE 3-INPUT | TYPE | POWER _ (1) 
EXPANDERS 


SN54H61 (J) SN74H61 (J,N) 


positive logic: 
X = ABC when connected to X input of 


SN54H52/SN74H52 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
Ne -- no internal connection. 
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PRODUCT GUIDE 


6 2 typical performance logic symbo!t pin assignments 


(1) 
4-WIDE AND-OR | TYPE | POWER | J, N PACKAGES 
EXPANDERS 


SN54H62 (J) SN74H62 (J,N) 


6 3 typical performance pin assignments 


HEX CURRENT- | TYPE | POWER |DELAY| 
SENSING 1 ne 
INTERFACE ies? f 
136 
GATES [aaa [1 ¥ 144A 


FC, FN PACKAGES 


}6 3y_ [13 6a || 6 2A | 16 5Y 
|B onc | 


0 GND| 20 Vcc 


| 

SN54LS63 (J,FC) SN74LS63 (J,N) eee meee 155A 
I 
| 


64 6 5 pin assignments 
’ . 


4-2-3-2 INPUT AND-OR- 
INVERT GATES 


typical performance 


TYPE | OUTPUT |POWER| DELAY 
TOTEM 
‘S64 29 mW | 3.5ns 
POLE 
OPEN- 
‘S65 36 mW | 5.5ns 
COLLECTOR 


SN54S64 (J,FC) SN74S64 (J,N,FN) 
SN54S65 (J,FC) SN74S65 (J,N,FN) 


-“rpvnaA 7T™" F9D080 Y 


KX &= 


logic symbol, ‘S65t 
(1) 





-ro7mooaw > 





See 77L Data Book positive logic: Y = ABCD+EF+GHI+JK 


T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 
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8-22 


PRODUCT GUIDE 


AND-GATED J-K POSITIVE- 
EDGE-TRIGGERED FLIP-FLOPS 


typical performance 
PWR/ | SET- 
HOLD 
FF UP 


35 MHz | 65 mW 5 nst 


t Rising edge of clock pulse. 
1 Falling edge of clock pulse. 


SN5470 (J) SN7470 (J,N) 
See 7TL Data Book 


M1 


‘'H71: AND-OR-GATED J-K MASTER- 
SLAVE FLIP-FLOPS WITH PRESET 


typical performance 


PWR/ | SET- 
HOLD 
FF {| UP 
30 MHz {3.8 mW | Onst 


t Rising edge of clock pulse. 
4 Falling edge of clock pulse, 


SN54H71 (J) SN74H71 (J,N) 


‘L71;: AND-GATED R-S MASTER- 
SLAVE FLIP-FLOPS WITH PRESET 
AND CLEAR 


SN54L71 (J) 


logic symbolt 
Pre (3) 

ne 

2 CLR 

3°01 

4 J2 

5 


pin assignments 


ea 
eke 


9 K 


fea [13 PRE | 


J=JVS2I 
K = K1'K2°K 


positive logic: 


If inputs J and K are not used, they must be grounded, 


Preset or clear function can occur only when the clock input is low. 


logic symbol, ‘H71t 
=——— (5) 


pin assignments, ‘H71 


TN PACKAGES 
7 uta] 8 a 


ea 


positive logic: J = (J1A°J1B)+(JZ2A-J2B) 
K = (K1A°K1B)4+(K2A°K2B) 


logic symbol, ‘L71t 
(13) 


13. CLK 


11 R3 


[eG [ va Fre | 


See 77L Data Book 


positive logic: R = R1°R2°R3 
S$ = §1'S2°S3 


t Pin numbers shown on Jogic symbols are for J and N packages only, 


ne — nointernal connection. 





TEXAS INSTRUMENTS 
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PRODUCT GUIDE 


72 logic symbolt Pin assignments 


(13) 
AND-GATED J-K MASTER-SLAVE 


FLIP-FLOPS WITH PRESET AND CLEAR 
typical performance 


PWR/ | SET- 
HOLD 
FF | UP 
20 Mhz | 50 mW 


t Rising edge of clock pulse. positive logic: J = J1'J2°U3; K1K2°K3 
1 Falling edge of clock pulse, See 77TL Data Book 


SN5472 (J,FC) SN7472 (J,N) 
SN54H72 (J,FC) SN74H72 (J,N) 
SN54L72 (J) 


73 logic symbol’ ‘73, ‘H73, ‘L73t pin assignments 


DUAL J-K FLIP-FLOPS | _J,NPACKAGES _| 
WITH CLEAR [1 1cLk | 8 20 
K 


CLR 


9 
11 GND 
ane i270 


2 
3 
6 
[pene [18 ne | 


Le 2k [191K 
"LS73A [45 MHz | 10 mw [20 si] Onss | [io eno [20 Veo 


t Rising edge of clock pulse, 
1 Falling edge of clock pulse. 


| 

1 j 

2 1CLR j 

typical performance 1 [3 1K [10 2k || 

| 

| 

| 

| 


SN5473 (J,FC) SN7473 (J,N) 
SN54H73 (J,FC) SN74H73 (J,N) 
SN54L73 (J) 

SN54LS73A (J,FC) SN74LS73A (J,N) 


See 77L Data Book 





T Pin numbers shown on fogic symbols are for J and N packages only. 
nc — no internal connection, 
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PRODUCT GUIDE 


74 logic symboit pin assignments 


DUAL D-TYPE POSITIVE-EDGE- 
TRIGGERED FLIP-FLOPS WITH 
PRESET AND CLEAR 

typical performance 


re [SS 

TYPE HOLD 

F-F | UP 

20 nst|_5nst 

| ‘ALS74| S0MHz| 6mw|i5nst| Onst| See TTL Data Book 
| '874_ {110 MHz 175 mw | 3nst 


t Rising edge of clock pulse. 


SN5474 (J,FC) SN7474 (J,N) 
SNS4ALS74 (J,FC) SN74ALS74 (J,N,FN) 
SN54H74 (J,FC) SN74H74 (J,N) 
SNS54L74 (J) 

SN54LS74A (J,FC) SN74LS74A (J,N) 
SN54S74 (J,FC) SN74S74 (J,N,FN) 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 
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INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


75 logic symbolt pin assignments 


QO | 
Ss CE teeesy Seer ES ES Es Geese oe ee 


Te) 
| 


C,FN PACKAGES 
n 11 1C,2C 
12 20 


[13 nc 
[15 10 | 
jie 10 
[1710 
[18 2D 


13 nec 
17, 10 
19 3C,4C 


4-BIT BISTABLE LATCHES J,N PACKAGES 


: 


typical performance 


N 
ay 
Oo 


113 
12 GN 
13 1C,2 


— 


14 20 


12) 
wo 
=) 
Oo 


~ 
w 
QO 


c 

18 2D 
sa [19 acac 
10_GND 


: 
3 
oO 


SN5475 (J,FC) SN7475 (J,N) See TTL Data Book 
SN54L75 (J) 
SN54LS75 (J,FC) SN74LS75 (J,N) 


76 logic symbol, ‘76, ‘H76t pin assignments 


DUAL J-K FLIP-FLOPS WITH 1PRE J, N PACKAGES: FC, FN PACKAGES 
1J 
PRESET AND CLEAR 1CLK 


1CLK 5 4PRE a 
typical performance fic = 2 oe 
Care ree 


pwr/ | SET- 1LR 
ae [tow | "he | oe me | FRE 


7 25 fs 2cux| 14 10_| 
20 MHz Soe 


2CLK 
_ 
10 mW pei 


t Rising edge of clock pulse. logic symbol, ‘LS76AT 
| Falling edge of clock pulse, ipae (2! 
(4) 
SN5476 (J,FC) SN7476 (J,N) io 
SN54H76 (J,FC) SN74H76 (J,N) 
SN54LS76A (J,FC) SN74LS76A (J,N) Lie 





See TTL Data Book 











T Pin numbers shown on logic symbols are for J and N packages only. 
nce ~— no internal connection, 
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7] logic symbolt pin assignments 


4-BIT BISTABLE LATCHES | J.NPACKAGES || FC,FN PACKAGES | 


typical performance 


SN5477 (J,FC) 
SN54L77 (J) 
SN54LS77 (J,FC) 


DUAL J-K FLIP-FLOPS WITH 
PRESET, COMMON CLEAR, AND 
COMMON CLOCK 


typical performance 


PWR/ | SET- 
ro | ie [OT Pm 


eh 
SN PAGKAGES |G, FPARAGES 
CLR 


eT so ea 3 


t Rising edge of clock pulse, 
+ Falling edge of clock pulse, 


SN54H78 (J) SN74H78 (J,N) 
SN54L78 (J) 
SN54LS78A (J,FC) SN74LS78A (J,N) 


See T7L Data Book 





T Pin numbers shown on fogic symbols are for J and N packages only. 


nc -- no internal connection, 


ea eS ST a TE SES TIT a I I a TE TCT IE AIT IE i a IST I TITRE 


8-26 TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS. TEXAS 75265 


PRODUCT GUIDE 


8 0 togic symbott pin assignments 


9 A2 


| 9 A2 | 
type | CARRY | ADD | POWER 
TIME | TIME| PER BIT 

| 80 | 10.5ns | 52ns] 105 mw | 


SN5480 (J) SN7480 (J,N) 


GATED FULL ADDERS 


typical performance 


NOTES: 1. A= Ag + At + A1-‘A2, B= 
‘By + B* +B1*B2 
2, When A* is used as an input, 
Al or A2 must be low, 
When B* is used as an input, 
B1 or B2 must be low, 
. When Ai and A2 or B1 and 
B2 are used as inputs, A* or 
B*, respectively, must be See 77L Data Book 
open or used to perform dot- 
AND logic. 


81 logic symbott pin assignments 


. - RAM 16 X 1 
16-BIT RANDOM-ACCESS 
sneha 
typical performance 

4 Vv 11. SO 
ADDRESS | ENABLE | POWER 
TIME TIME |PER BIT 


SN5481A (J) SN7481A (J,N) 


82 pin assignments 


2-BIT BINARY FULL ADDERS 
i 1st 

typical performance 
2 Al 


Type | CARRY | ADD | POWER ° 3 BI 
TIME | TIME | PER BIT 4 Vcc 


SN5482 (J) SN7482 (J,N) 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only, 
nc — no internal connection. 
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PRODUCT GUIDE 


8 3 | logic symbolt 


4-BIT BINARY FULL ADDERS 


pin assignments 


J,NPACKAGES || FC, FN PACKAGES 


iene reneay ee | 

23 | 10 At || 2 62 [12 ca 

oh sta laa 3 Ce | 

CARRY | ADD | POWER | 4 83 | 12 GND[| 4 nc | 14 84 | 

igs ee eee C0 EDR EA 

16 x2 | x2 | 14 C4 | C4 , 6 x1 | v1 116 x3 | x3 

_83A | iOns | i6ne| 76 mW | rie pts sa ty at 17 aa | 
Pisesal 10% [15s | 24mw | 
SN5483A (J,FC) SN7483A (J,N) 


raaa [16 e4 |[ 6 ne [18 re | 
oer [19 83 
SN54LS83A (J,FC) SN74LS83A (J,N) 


84 pin assignments 


xe [9 va 


2 X3 10 WOB 


3° 1X2 11 WOA 


16-BIT RANDOM-ACCESS RAM 16 X 1 


MEMORIES 
typical performance 


TIME TIME | PER BIT 5_ Vcc 


6 yi | 14 ST 
SN7484A (J,N) ; 8 Y3 


ype | ADDRESS | ENABLE | POWER | 4 XI 


SNS5484A (J) 


See Page 2-35 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — nointernal connection, 
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85 


4-BIT MAGNITUDE 
COMPARATORS 


typical performance 


TIME 


logic symbol, ‘85, ‘LS85, ‘S85t 


SN5485 (J,FC) 
SN54L85 (J) 
SN54LS85 (J,FC) 
SN54S85 (J,FC) 


QUADRUPLE 
2-INPUT 
EXCLUSIVE- 
OR GATES 


SN7485 (J,N) 


SN74LS85 (J,N) 
SN74S85 (J,N,FN) 


typical performance 


Tavee [POWER [DELAY 
a6 | 150 mW | 14 ns | 


See 77L Data Book 


logic symbol, ‘86, ‘LS86, ‘ss6t 
(1) 


886 | 250mw] 7s | 


SN5486 (J,FC) 
SN54L86 (J) 
SN54LS86 (J,FC) 
SN54S86 (J,FC) 


SN7486 (J,N) 


SN74LS86 (J,N) 
SN74S86 (J,N,FN) 


logic symbol, ‘Leet 
(1) 
(2) 


See 77TL Data Book 
positive logic: Y= A (+) B= AB+ AB 


T Pin numbers shown on logic symbols are for J and N packages only. 


nc — no internal connection. 


PRODUCT GUIDE 


pin assignments, ‘85, ‘LS85, ‘S85 


J, N PACKAGES FC, FN PACKAGES 


i 

ra pain [12 Pt || 4 Pain | 

PS P>Gour| 13 P2 || § Pain | 

[ P=out [14 02 | 6 P>Goue| v6 2 _| 

[7 pcaout | P3 |] 7 P=Gour [17 a2 | 

raGno [16 veel| 8 ne [18 ne | 
[a P<deu|19 Fa 


[9 ao jf 1 a 
| 2 P<Qin [10 PO || 2 P<Qin | 
| 3 
| 


pin assignments, ‘L85 


ce a 
ee 
(3 p-dout [11 Go 


pin assignments, ‘86, ‘LS86, ‘S86 


Fe, FN PACKAGES 
| 
[126 


13 3A 


| 15 3B CO 5 38 
pe ay [1s 4 | 6 2a [16 ay_| 


[reno [14 oe [728 [17 ne 
[ene 18 4A 


[sav [19 «3 | 
[fo_eno [20 Ves | 


pin assignments, ‘L86 


[SN PACKAGES 


Pine _| 











TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


8-29 


PRODUCT GUIDE 


87 typical performance logic symbol!t pin assignments 


aeit TRUE; [TYPE [POWER [DELAY] ® 7 
COMPLEMENT, | ‘H87 | 270mW|_ 14 ns | 
ZERO/ONE 
ELEMENTS 


SNS4H87 (J) SN74H87 (J,N) 


8 8 8 ' pin assignments 


256-BIT READ-ONLY 
MEMORIES 


[4 ar [9 a8 | 

, 

typical performance A2 rs a3 |i at la ne] a 

type |APDRESS | ENABLE | POWER p4a4 [12 a2 {ff 4 a3 [14 At | 
TIME TIME |PERBIT SS 

— eA ae |17 Aa 


SN5488A (J,FC) SN7488A (JN) | 8 GNO|16 Vcc]{ 8 nc [18 ne | 
| | 9 Q7 ji9 5 | 


§ For more information on these devices, contact the factory | 10 GND}20 Vcc 


8 g logic symbolt pin assignments 


64-BIT READ/WRITE RAM 64 X4 
MEMORIES 
typical performance 


ADDRESS | ENABLE | POWER 
TYPE 

TIME TIME | PER BIT 
| 89 | 32ns_ | 30ns_ | 5.9 mW | 


SN7489 (J,N) 


See Page 2-41 © 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





8.30 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


g 0 logic symbolt pin assignments 


DECADE COUNTERS FC, FN PACKAGES 


re ine [it aD | 
typical performance | 2 ne [12 QA_ |. 

}13 nc 
7 


2 
COUNT TOTAL 110 GND | GND jometie | > ne 13° onc 
TYEE Crent ra ne | 
FREQUENCY POWER 
6 


‘LS90 32 MHz HIGH | 40mW + | [8 nc (18 ne | 
A 
SN5490A (J,FC) SN7490A (J,N) | 9 aB | 19 RO(2) 


SN54L90 (J) 


SN54LS90 (J,FC) SN74LS90 (J,N) 


91 | pin assignments 
8-BIT SHIFT REGISTERS | | J,NPACKAGES || FC, FNPACKAGES | 


typical performance 


SERIAL 
SHIFT TOTAL 


DATA 
FREQUENCY POWER See TTL Data Book 
INPUT 


GATED D] 175 mW 
‘L91 3 MHz GATED D/17.5 mW 


'1s91| 25MHz |GATED D] 60 mw | | 
: ‘|e eno [20 vee 
SN5491A (J,FC) SN7491A (J,N) 


SN54L91 (J) 
SN54LS91 (J,FC) SN74LS91 (J,N) 


9 2 logic symbo!t pin assignments 


DIVIDE-BY-12 COUNTERS | pin enesncrs Fe. EN PACKAGES 
. 11 CKB | CKB | 8 QD | QD 1 4 onc {11 OB | 
ee ee /2 nc {| 9 Qc ff 2 ROWW){12 QA | 


TYPE | coe ay [CLEAR | von pane [40 Gno || 3 ne [13 ne | 
FREQUENCY POWER NES 

| ‘924 | | 32MHz | HIGH | | 160 mW | W 15 Veco | Vee 112 QA | QA | 5 RO(2), RO(2) 115 nc | 
: = |} 6 RoW) | 13 ne |f 6 QD 116 CKA | 


ry nota) [14 ena |} 7 ac [17 cee | 


SN5492A (J,FC) SN7492A (J,N) ; 8 nc [718 nc __| 
SN54LS92 (J,FC) SN74LS92 (J,N) | 9 ne [19 nc | 
> 4 }10_ GND | 20 Vcc | 





See T7L Data Book 





t Pin numbers shown on logic symbols are for J and N packages only, 
ne — no internal connection. 





TEXAS INSTRUMENTS 8-31 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


93 | logic symbol, ‘93A, ‘LS93t pin assignments, ‘93A, ‘LS93 
4-BIT BINARY COUNTERS |__J,NPACKAGES || FC, FNPACKAGES | 


aes Poke [aac [1 ne 
typical performance 2 nom[ 2 as [2 ne [72 aa 
rane 


TYPE COUNT CLEAR TOTAL 

FREQUENCY POWER : 
+ [5 Voc [12 Qa || 5 ne, | 15 CKa |. 
Dive ae eee eee Ee 
[se [exalt 2 ao {7 no 


| a 
SN5493A (J,FC) SN7493A (J,N) 9 QB 
SNEGOS (I 10 eno | 20 vec | 


SN54LS93 (J,FC) SN74LS93 (J,N) logic symbol, ‘Lo3t tice ina 


| __J,N PACKAGES __ 
Tron | 8 cB 
908 
10_ac 
[ne [12 00 | 
ene [13 GA 


94 . pin assignments 


4-BIT SHIFT REGISTERS | 
(DUAL ASYNCHRONOUS 

PRESETS) 

typical performance 


SERIAL ie Y26 
SHIFT | ASYNC | TOTAL 
DATA 
FREQUENCY CLEAR | POWER 
INPUT 16 P2A 


Pea [towne [0 | nigh [75m | 


SN5494 (J) SN7494 (J,N) 


See 77TL Data Book 





Tt Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





8-32 | TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


9 5 logic symbol, ‘95A, ‘LS95Bt pin assignments, ‘95A, ‘LS95B 


4-BIT SHIFT REGISTERS SRG4 | JANPACKAGES || FC, FN PACKAGES | 
(PARALLEL IN/PARALLEL OUT, MZ ILOAD! [1 SER | 8 ckal{ ine [11 CLK2! 
Hic RIGHT SHIRT LERT M1 [SHIFT] }2A__|-9 cual 2seR_ [12 cLK1| 
, ‘ [3B [toad [[3a_ [i3sne | 
SERIAL INPUT) lac. {11 ac |[4B fiance | 
typical performance [5D [1208 [}sc {1500 | 
; [6 Mobe|13 GA ffeo fieac | 
SHIFT TOTAL 
FREQUENCY POWER 


25MHz | D___| 195 mw 

pugs | amHz {Oo | 19m 

= = ‘ae 2 pin assignments, ‘L95 
2 | 0 | 65mw 


SN5495 A (J,FC) SN7495A (J,N) me icone 
SN54L95 (J) M1 [SHIFT] [9 ap | 
SN54LS95B (J,FC) SN74LS95B (J,N) , 


TYPE 


Pend [14 Veo If 7 re [v7 08 _| 
|Bnc [1B nc | 


See 7TL Data Book 
g 6 logic symbolt pin assignments 
FC, FN PACKAGES 


[130A 


ne 
SERIAL nc 13 OA 
QE 


5-BIT SHIFT REGISTERS 
typical performance 


TYPE SHIFT DATA ASYNC | TOTAL ee 

[Ss re | 15 CLA 
p96 | tomHz [  D | Low | 240mw (6 SER | 16 CLK 
f'tg96 | smMHz [| 0 | Low | 120mw fereOE NA gl 
RB! 8 ne | 
[9 QD 
[10 GND | 


FREQUENCY CLEAR | POWER 
INPUT 


18 B 


SN5496 (J,FC) SN7496 (J,N) ~ |[10 GNo 


SN5S4L96 (J) : See T7L Data Book 
SN54LS96 (J,FC) SN74LS96 (J,N) 


97 logic symbolt pin assignments 


SYNCHRONOUS 6.BIT | 


BINARY RATE MULTIPLIERS Pt Bi | 9 CLK 


typical performance | [385 1 ENin 
TYPE | POWER [FREQ STROBE eo fag UNITY! 
345 mW | 32 MHz ENABLE — 





4 BO 
[sz [13 cur 
+ Maximum clock frequency UNITY/CAS 
Y 
CLR 14 8B 


SN5497 (J) SN7497 (J,N) 


_ pak [7 enowt [1563 
1 Vv 
BI pe GNOr [ie Vee. | 
B2 
1P 


B3 [RATE] 
B4 


See 77TL Data Book B5 





T Pin numbers shown on logic symbols are for J and N packages only, 
nc — no internal connection. 





TEXAS INSTRUMENTS 8-33 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-34 


PRODUCT GUIDE 


4-BIT DATA SELECTOR/ 
STORAGE REGISTERS 
typical performance 


TYPE | FREQUENCY 


SN54L98 (J) 


4-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT REGISTERS 


typical performance 


SERIAL 
DATA 
INPUT 


SHIFT 
FREQUENCY 


SN54L99 (J) 


1100 


8-BIT BISTABLE LATCHES 
typical performance 


re suns DELAY POWER 
TYPE DELAY 

PUTS POWER 
|‘100] Q | 15ns_]320mw 


SN54100 (J) 


SN74100 (J,N) 


logic symbolt 


See TTL Data Book 


logic symbo!t 


SRG4 
MODE 


CLK1 
CLK2 


See TTL Data Book 


logic symbol!t 
(23) 


See TTL Data Book 


Tt Pin numbers shown on togic symbols are for J and N packages only. 


ne — no internal connection, 





TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


pin assignments 


J, N PACKAGES 


[1 a2_[ 9 ws | 


[2 Ai | 10 CLK | 
}3_ B81 [17 QD | 


pae2 [4201 | 


pin assignments 


J, N PACKAGES 


pin assignments 


[a NPACKAGES | 
PT ne [13 ne _| 


Pat | 14 ne 
rs_ta1 | 17 204 | 
rene 


Pre 203 | 
[en [19103 | 
Pazar | 20 106 | 
[e202 [21104 | 


10 2D2 | 22 103 | 





AND-OR-GATED J-K NEGATIVE-EDGE- 
TRIGGERED FLIP-FLOPS WITH PRESET 


typical performance 


errs | Ne | tm 
Paiorf 


1 Falling edge of clock pulse 
SN54H101 (J) SN74H101 (J,N) 


PWR/ 
F-F 


102 


AND-GATED J-K NEGATIVE-EDGE- 
TRIGGERED FLIP-FLOPS WITH 
PRESET AND CLEAR 

typical performance 


PWR/ | SET- 
HOLD 
F-F | UP 


1 Falling edge of clock pulse 
SN54H102 (J,FC) SN74H102 (J,N) 


f max 


‘H102 


103 


DUAL J-K NEGATIVE-EDGE- 
TRIGGERED FLIP-FLOPS 
WITH CLEAR 
typical performance 

PWR/ | SET- 


YPE HOLD 
‘H103] 50 MHz | 100 mW [13 nsJl 


| Falling edge of clock pulse 
SN54H103 (J,FC) SN74H103 (J,N) 


Onst 


SET- 
UP 


HOLD 


PRODUCT GUIDE 


pin assignments 


ota [so 
PRE [12 K28 | 
ea [13 CuK] 


logic symbolt 


positive logic: J (J1A - J1B) + (J2A - J2B) 
K (K1A -K1B) + (K2A - K2B) 


See 77TL Data Book 


pin assignments 


ar or] 


logic symbolt 


CLR 
J1 10 K2 


l 

{ 
| 

I 
J2 ae | 
J3 12 CLK || 
|13_ PRE | 
Mee, 

| 


7 GND 


positive logic: J J1-J2-J3 
K = K1:K2°-K3 
See 7TL Data Book 


logic symbolt pin assignments 


1J 
1K 


1 


}6_2CLR | 13_10 


2J 14 1J 


2J 


2K 


ND 
DIlO 


See 7TL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only, 


ne — no interna! connection. 


FC, FN PACKAGES 


rine [io 
Pane [14 ne] 
Ps ne [16 «3 

33 
De a [19 Pre 
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8-35 


PRODUCT GUIDE 


10 6 logic symbo!t pin assignments 


DUAL J-K NEGATIVE-EDGE 
TRIGGERED FLIP-FLOPS WITH 
PRESET AND CLEAR 


typical performance 


PWR/ 
TYPE 
F-F | UP 


'H106 100 mW (13 ns4 


1 Falling edge of clock pulse 


SN54H106 (J) SN74H106 (J,N) See TTL Data Book 


107 logic symbol, ‘107t pin assignments 


DUAL J-K FLIP-FLOPS | J.NPACKAGES || FC, FNPACKAGES _| 
WITH CLEAR iw [sa iw [ua | 
typical performance }2-1a | 9 2cik|| 2 10 | 12 2cLK | 
CLA f3 1a [10 2cLR]] 3 ne [13 ne | 
ro [SS ee 
F-F | UP 6 20 {12 1cik{[ 5 ia [15 2K 

| 20 MHz | 


20 Ma = [6-20 [19 1ccR|| 6 1K [16 ne | 


; — 7 GND }14 Vcc 7 20 17 1CLK 
iene [wwee ie fees 


t Rising edge of clock pulse } 9 20 | 19 1CLR 
+ Falling edge of clock pulse }10 GND | 20 Vcc 
13 


SN5S4107 (J,FC) SN74107 (J,N) 
SN54LS107A (J,FC) SN74LS107A (J,N) 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





8-36 TEXAS INSTRUMENTS 


INCORPORATED 
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PRODUCT GUIDE 


10 8 logic symbolt pin assignments 
(9) 
DUAL J-K NEGATIVE-EDGE- 


TRIGGERED FLIP-FLOPS WITH 
PRESET, COMMON CLEAR, AND 
COMMON CLOCK 

typical performance 


PwR/ | SET- 
TYPE HOLD 
F-F | up 
‘4108 | 50 MHz | 100 mw See TTL Data Book 


1 Falling edge of clock pulse 
SN54H108 (J) SN74H108 (J,N) 


10 9 logic symbolt pin assignments 


DUAL J-K POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH PRESET AND CLEAR 
typical performance 


prvee | too | Ee [ie [HO 
TYPE HOLD 
F-F | up 

| 109 | 33 MHz | 45 mw [1onst| 6nst_| 
| ‘ALS109 | 50 MHz |_6 mW [15 nst| Onst | 


t Rising edge of clock pulse 

SN54109 (J,FC) SN74109 (J,N) See TTL Data Book 
SN54ALS109 (J,FC) SN74ALS109 (J,N,FN) 

SN54LS109A (J,FC) SN74LS109A (J,N)} 


11 0 logic symbolt : pin assignments 


(13) 
AND-GATED J-K MASTER-SLAVE | 


* 
ne 


FLIP-FLOPS WITH DATA LOCKOUT 
typical performance 


PWR/ | SET- 

TYPE HOLD 
F-F {| up 

‘110 | 25 MHz | 100 mW/20 nst| Sost 


+t Rising edge of clock pulse 


SN54110 (J) SN74110 (J,N) positive logic: J = J1-J2-J3 
K = Ki1:K2:K3 
See T7L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 
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PRODUCT GUIDE 


111 logic symbolt pin assignments 


DUAL J-K MASTER-SLAVE FLIP- 
FLOPS WITH DATA LOCKOUT 
typical performance 


PWR SET- 
TYPE / HOLD 
F-F UP 
25 MHz |} 70 mW | Onst | 30 nst 


t Rising edge of clock pulse 
SN54111 (J) SN74111 (J,N) 


See 7TL Data Book 


112 logic symbo!t pin assignments 
DUAL J-K NEGATIVE-EDGE- 

TRIGGERED FLIP-FLOPS WITH 

PRESET AND CLEAR 

typical performance 


TYPE Be ee OL 
F-F UP 


+ Falling edge of clock pulse See 7TL Data Book 


SN54ALS112 (J,FC) SN74ALS112 (J,N,FN) 
SN54LS112A (J,FC) SN74LS112A (J,N) 
SN54S112 (J,FC) SN74S112 (J,N,FN) 


11 3 logic symbolt pin assignments 


DUAL J-K NEGATIVE-EDGE- 
TRIGGERED FLIP-FLOPS 
WITH PRESET 


typical performance 


[rs [om [ie 
2 


45 MHz See TTL Data Book 
125 Miz 


1 Falling edge of clock pulse 
SN54ALS113 (J,FC) SN74ALS113 (J,N,FN) 


SN54LS113A (J,FC) SN74LS113A (J,N) 
SN54S113 (J,FC) SN74S113 (J,N,FN) 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — nointernal connection, 





8.38 TEXAS INSTRUMENTS 


INCORPORATED 
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PRODUCT GUIDE 


114 logic symbolt pin assignments 


DUAL J-K NEGATIVE-EDGE-TRIGGERED de 
FLIP-FLOPS WITH PRESET, COMMON, 


AND COMMON CLOCK 
typical performance 


: 
TYPE HOLD 
F-F | UP 


1 Falling edge of clock pulse 

SN54ALS1 14 (J,FC) SN74ALS114 (J,N,FN) 
SN54LS114A (J,FC) SN74LS114A (J,N) 
SN54S114 (J,FC) SN74S114 (J,N,FN) 


11 6 logic symbolt Pin assignments 


DUAL 4-BIT LATCHES | 4, NPACKAGES || FC, FN PACKAGES 

‘ R CLR 
typical performance 1S. 260 TELA] 15 2CL 
2 1C1 14 2C1 1¢1 16 2C1 


Ps | 
L | 
| 
. TOTA 
TYPE |BITS| CLEAR|~-__|DELAY : 16 2¢2 || 3_1¢2 
PUTS POWER | 4 101 {16 201 || 
ji1i6 | 8 | cow] a | 1tns | 250 mw | 8 tar {17 201 | 19 201 
| 6 1D2 | 1D2 [18 2D2 } 20 201 ‘| 2Q1 
SN54116 (J,FC) SN74116 (J,N) 7 102 |19 202 || 7 
| 8 102 
[2 103 
10 103 | 24 203 
12104 
| 
| 


13 104 | 27 204 


4 GND] 28 Vcc 


1D2 | 21 202 
20 2D3 

21 203 
110 104 |22 204 
111 104 |23 204 


See 77L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 
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PRODUCT GUIDE 


120 


DUAL PULSE SYNCHRONIZERS/ 
DRIVERS 
typical performance 


ENABLE COMP 
TYPE 
INPUT | OUTPUT 
DC to 
‘120 YES YES 
30 MHz 


SN54120 (J) SN74120 (J,N) 


FREQ 


121 


MONOSTABLE MULTIVIBRATORS 
typical performance 


40 ns-28 s} 90 mW 
40 ns-28 si 40 mW 


SN54121 (J) SN74121 (J,N) 


SN54L121 (J) 
| RETRIGGERABLE MONOSTABLE 
MULTIVIBRATORS WITH CLEAR 


typical performance 


DIRECT 
Pa [oo [ee 
ae ie ie es 
je 
SN54122 (J,FC) 


SN54L122 (J) 
SN54LS122 (J,FC) 


SN74122 (J,N) 


SN74LS122 (J,N) 


logic symbolt 


255 mW 


Rint Cext Rext/Cext 
See 77L Data Book 


logic symbolt 


ras ns | 


Rint 
See T7L Data Book 


T Pin numbers shown on fogic symbols are for J and N packages only. 


ne — nointernal connection, 


Cext Rext/Cext 


pin assignments 


rim [9 2y 
P21 [10 2y_ 
Pasa [12 28 
Peay | 14 28 | 
Pay [152M 


pin assignments 


121... Ring = 2 kK2Q nominal 
“L121... Rint =4.kKQ nominal 


FC, FN PACKAGES 
| Xe 
Peni! 
fone | 
Pane [14 ne] 

2 


l 
| 
| 
| 
l 
| 
ne 
Cext 
[ 
| 
I 


a 
14 Voc 
ene | 


Rext/ 


|B onc | 
Pfs 
Cext 


10 GND}20 Vcc 


122... Ring = 10 kQ nominal 
‘L122 ... Rint = 20 kK2 nominal 
*LS122 ... Ring = 10 kQ nominal 








TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


12 3 logic symbolt . pin assignments 


DUAL RETRIGGERABLE MONO- ) 


1A 
STABLE MULTIVIBRATORS 1B 


WITH POSITIVE AND NEGA- 
TIVE INPUTS AND DIRECT 1CLR 
CLEAR 1Cext 


typical performance 1Rext/Cext 
5 2Rext/ 15 TRext/ 


an Cext Cext 


TYPE | PULSE 28 fe GND {16 Vcc 


2CLR 
2Cext 


‘L123 115 mW 2Rext/Gext 
'LS123 60 mW 
’LS123| 45 ns | 60 mW | See TTL Date Book 


SN54123 (J5,FC) SN74123 (J,N) 
SN54L123 (J) 
SN54LS123 (J5,FC) SN74LS123 (J,N) 


124 logic symbolt pin assignments 


DUAL VOLTAGE-CONTROLLED J, NPACKAGES || FC, FN PACKAGES 
OSCILLATORS WITH ENABLE 9 GND || 1 2Fc [11 GND | 
INPUTS [21ec [io2y_ [[2 1c [12 2v__ | 
sees Pa tANG|11 ZEN [3 nc [13 ne 
ene BNC. nee, [4 1x4 {12 2cx1 || 4 1RNG|14 nc 
ae IG |S 1cx2|13 2cx2]| 5 1cx1|15 2EN_ 
eS 14 2RNG|] 6 1x2 [16 2Cx1_| 


cx Osc is 
71¥ 115, 7 4EN 117 20x2 
cc 
aE [eve [om fe 

SN54S124 (J,FC) SN74S124 (J,N,FN) 

91Y |19 

jor Vec 

10 O85 [20 v 

GND ce 


OSC GND 
See 7TL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 
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PRODUCT GUIDE 


12 5 togic symbal, ‘1 25t Pin assignments 


QUADRUPLE BUS BUFFER GATES 
WITH THREE-STATE OUTPUTS 
typical performance 


TYPE DELAY | SOURCE 
_ . | CURRENT | CURRENT 


Tiers | -2ma | 16ma_ 
Tsw7atas | 1ns | -82ma | 16ma 
Psnsatsiz5a [ans | —tma | 12mA 
| SN74LS125A | 8ns | —2.6mA | 24mA_| 


SN54125 (J,FC) SN74125 (J,N) 
SN54LS125A (J,FC) SN74LS125A (J,N) 


positive logic: Y=A 
See TTL Data Book 


12 6 | logic symbol, ‘126 pin assignments 
(1) 


QUADRUPLE BUS BUFFER GATES 
WITH THREE-STATE OUTPUT 


typical performance 


TYPE DELAY | SOURCE 
CURRENT | CURRENT 


sN54126_ | 10ns | -2mA | 16mA_| 

SN74126 logic symbol, ‘'LS126AT 
SN54LS126A | 8.5ns | -1mA | 12mA_| My 
SN74LS126A | 8.5ns | —2.6mA 


SN54126 (J,FC) SN74126 (J,N) 
| SN54LS126A (J,FC) SN74LS126A (J,N)} 


positive logic: Y=A 
See 7TL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
Ne — no internal connection, 
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PRODUCT GUIDE 


12 8 | logic symbo!t pin assignments 


LINE DRIVERS 


(SN54128...75 2 DRIVER 
1 
11 4 


[ 
| 
SN74128...50 2 DRIVER) 
3 1B 10 3Y 
ee | see rane] 
LOW- HIGH- | 5 2A |12 4B || 
LEVEL | LEVEL Stet 
| 
| 


TYPE DELAY 
OUTPUT | OUTPUT | se 


CURRENT | CURRENT 


SN54128 (J,FC) SN74128 (F,N) 


10 GND | 20 Vcc 


positive logic: Y 
See TTL Data Book 


13 2 logic symbolt fe pin assignments 


QUADRUPLE 2-INPUT POSITIVE- 
NAND SCHMITT TRIGGERS 


typical performance 


. | 15s | 
piusiz2| ogv | 15hs | 
[si32 | ossv |B ns 


SN54132 (J,FC) — SN74132 (J,N) 
SN54LS$132 (J,FC) SN74LS132 (J,N) 
SN54S132 (J,FC) SN74S$132 (J,N,FN) 


positive logic: 
See 77L Data Book 


13 3 typical performance logic symbolt pin assignments 


134NPUT | TYPE | POWER |DELAY | ~ 
POSITIVE-NAND —_|[‘ALS133|0.15mW| _8ns_ 
GATES 


SN54ALS133 (J, FC) SN74ALS133 (J,N,FN) 
SN54S133 (J,FC) SN74S133 (J,N,FN) 


zTa 7M 9 04 BD yp 


positive logic: Y = ABCDEFGHIJKLM 
See TTL Data Book 


ss rn & 





T Pin numbers shown on logic symbols are for J and N packages only, 
nc — no internal connection, 





TEXAS INSTRUMENTS 8.43 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


134 logic symbolt pin assignments 


12-INPUT POSITIVE-NAND GATES | _J,NPACKAGES | ; 


WITH THREE-STATE OUTPUTS gy ra fiy 


typical performance 


TYPE DELAY | SOURCE 
CURRENT | CURRENT 


sNEasTa4 | 45 ns | —2mA 
sN7as134 [| 45ns | ~65mA | 20mA_| 


SN54S134 (J,FC) - SN74S134 (J,N,FN) 


es 
8 GND [16 Veo |[ @ ne _|18 OC _ 
Ls] 


ane 


Oo 
ek, 2.ee a imoe ee Sy 


positive logic: Y = ABCDEFGHIJKL 
See 77TL Data Book 


13 5 typical performance logic symbolt pin assignments 


QUAD ExcLusive [TYPE | POWER [DELAY] 1.2 [S:NPACKAGES [| FC, FNPACKAGES | 


3 ia Ta av ]}1 a_i ov 
OR/NOR GATES zs [ote [10a] 218 _|12 3a] 


N548135 (J,F N,F EA ee | 
= ea fa iene ia acae | a wv [ra 38 
2B [§ 2A [13 av IS 10,2¢]15_3C.4c | 


positive logic: Y = A@B @C=ABC+ ABC + ABC + ABC 
See 77L Data Book 


13 i) | typical performance logic symbol pin assignments 


QUAD EXCLUSIVE-OR 


GATES WITH OPEN- 150 mw 
COLLECTOR OUTPUTS [‘LS136| _30mW | 18ns_ 


SN54136 (J,FC) SN74136 (J,N) 
SN54LS1 36 (J,FC) SN74LS136 (J,N) 


positive logic: Y A@B=AB+AB 
See TTL Data Book 





t Pin numbers shown on logic symbols are for J and N packages only. 
nce — no internal connection, 





8-44 TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


137 logic symbol* pin assignments 


3- TO 8-LINE DECODERS/ 
DEMULTIPLEXERS WITH 
ADDRESS LATCHES 
typica! performance 


SELECT | ENABLE | TOTAL 
TYPE 

TIME | TIME | POWER 
‘.s137| 17.5ns | _16ns_| 55 mw | 


SN54LS137 (J,FC) SN74LS137 (J,N) 


; 


OL oOIn Toa lop Alo 
Gy] @j} 2 
NI ri? 


10 GND | 20 Vcc 


See 77L Data Book 





tT Pin numbers shown on logic symbols are for J and N packages only, 
ne — no internal connection. 





TEXAS INSTRUMENTS 8.45 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


1 3 8 logic symbolt pin assignments 


3- TO 8-LINE DECODERS/ 7 BIN/OCT 
7 ae 
DEMULTIPLEXERS 3 ; 7 eee ae 


typical performance 


TYPE 
TIME | TIME | POWER 
‘usi38 | 22ns | 2tns_| 31 mw | 
j’si38 | ans | 7ns_| 245 mw | 


SN54LS138 (J,FC) SN74LS138 (J,N) 
SN54S138 (J,FC) SN74S138 (J,N,FN) 


139 pin assignments 


104. LNPAGKAGES [[_FC, FN PACKAGES | 
sscialn ation tes SEAN | ECO BEREAN 
| 


DECODERS/DEMULTIPLEXERS 10 2Y 2 1A 
typical performance 1 


1 2Y1 

ELECT | ENABLE| TOTAL see 

TYPE 13. 2B 

Time | Time | POWER rer 

‘Ls139| 22ns_| 19ns_| 34 mW | 15 2G 
| ‘si39 | 7.5ns | 6ns_ | 300mW_ 16 Voc 


SN54LS139 (J,FC) SN74LS139 (J,N) 


}_ 4 18 | 

| 5 1vo | 15 2vo_| 
| 6 1¥1 [16 28 | 
| 


172A 

| 8 nc [18 nc | 
2 | 9 1¥3 | 1Y¥3 119 2G 2G 

SN54S139 (J,FC) SN74S139 (J.N.EN) 26 10 GND | 20 Vcc | 


See 77L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





8-46 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


140 logic symbol? pin assignments | 


DUAL 4-INPUT POSITIVE- 
NAND 50-OHM LINE DRIVERS 
typical performance 


LOW- HIGH- 
LEVEL LEVEL 
OUTPUT | OUTPUT 


SN54S140 (J,FC) SN74S140 (J,N,FN) 
positive logic: Y 


See TTL Data Book 


logic symbolt 


BCD/DEC 
BCD-TO-DECIMAL > 


DECODER/DRIVER 
typical performance 
OUTPUT | OFF-STATE 
OUTPUT 
CURRENT } VOLTAGE 


141 7ma_ [| 6ov | 80 mw 


SN74141 (J,N) 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


14 2 ; pin assignments 


COUNTER/LATCH/ | _J,N PACKAGES | 
DECODER/DRIVER | — 
Z ie! 

42. 8. 


typical performance 


1 


2 9 
[14 OD 


OUTPUT | OFF-STATE 
OUTPUT 
CURRENT| VOLTAGE 


SN74142 (J,N) 





DISC MN OMB WN ODO 


See TTL Data Book 





t Pin numbers shown on logic symbols are for J and N packages only, 
nc — no internal connection. 





TEXAS INSTRUMENTS 8-47 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


143 144 logic symbol? pin assignments 
f 

COUNTERS/LATCHES/ _—aiteo 48 

DECODERS/DRIVERS 

typical performance 


OUTPUT |OFF-STATE 
OUTPUT 
CURRENT | VOLTAGE 


| ismat | 7v | 
SN74143 
| 20ma | 15 
SN74144 


SN54143 (J) SN74143 (J,N) 
SN54144 (J) SN74144 (J,N) 


DP 


* Constant current See TTL Data Book 


145 ae logic symbolt 
BCD-TO-DECIMAL DECODERS/ ers 
DRIVERS FOR LAMPS, RELAYS, MOS 


typical performance 


OUTPUT |OFF-STATE 
CURRENT | VOLTAGE 
[a5 [ toma | tev | 2iomw) 


SN54145 (J,FC) SN74145 (J,N) 
SN54LS145 (J,FC) SN74LS145 (J,N) 


Tro [n7 | 
Ta [2s 
[3 ne [13 ne | 
[a2 [uo 
[s3 [0 | 
[64 lic 
cae [19 a 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


147 | : pin assignments 


| 10-LINE DECIMAL TO | HPRI/BCD 
4-LINE BCD PRIORITY 
ENCODERS 


typical performance 


TYPE | POWER | DELAY, 
147 | 225 mw | 10ns | 


SN54147 (J,FC) SN74147 (J,N) 
SN54LS147 (J,FC) SN74LS147 (J,N) 


oan Oo OO FF WD DN w= 


See 77L Data Book 





t pj F FONT TABLE T3 — RESULTANT DISPLAYS USING ‘143, ‘144 
in numbers shown on logic symbols 
are for J and N packages only. 
nc — no internal connection. 
- O 1 2 3 4 5 6 7 8 9 


8.48 TEXAS INSTRUMENTS 


INCORPORATED 





POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


148 


8- TO 3-LINE OCTAL 
PRIORITY ENCODERS 
typical performance 


[TYPE | POWER | DELAY | 
| 148 | 190mw] 120s | 
pusi4a] 60mw] 15s | 


SN54148 (J,FC) SN74148 (J,N) 
SN54LS148 (J,FC) SN74LS8148 (J,N)) 


150 


1-OF-16 DATA 
SELECTORS/ 
MULTIPLEXERS 


typical performance 


FROM | TOTAL 
TYPE] TO INV 
ENABLE| POWER 


| 150| tins [18ns_ [200 mw | 


SN54150 (J,FC) SN74150 (J,N) 


logic symbo!t 


HPRI/BIN 


"S0eo wa Po 


mm 
Ww KN 


mmmmmam 
oon oaw s 

2-20 MN OO BWN HO WwW 

= 0 


—_ 
No 


See TTL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection. 


PRODUCT GUIDE 


pin assignments 


FC, FN PACKAGES 


11. AO 
14 1 
1 


J, N PACKAGES 


EE SS SE A eS a SA GS See 
or 
~d 


© wl 
> 
-_ 


[11 Ao | 
[12 0 
113 nc | 
fia 1 
118 nc | 


n 


Q)N 
on 


13 3 
14. G 


| 

| 

[152 | 
is 3 
[17 cs 
| 
| 
| 


| 
ao; 
WEN 


c 
A2 


ca a 
}2, 5 | 
Pe Bes 
[47 it2 2 
[5 et | 
|8A2 | 
i A 


3 6 

7 
6 A2 
7 Al 
8 GNDII6 Voc 18 nc 


10 GNO 


pin assignments 


|_J,NPACKAGES || FC, FN PACKAGES | 
| 1 e7 [13 c [li e7 |is c | 
[2 es 
Paes [is a lla es [a7 a 
Paes [16 et6|| 4 ne [18 ne 
Pees Jur cals ea [19 ne] 
[6 €2 |18 €13|[ 6 €3 | 20 €15 | 
Pret [19 12] 7 2 [21 era] 
Peco [vo en|ps er |r eis] 
reS far eal 9 eo [2s E12] 
fio w_ | 22 e€9 |lio G [24 Et 
it DO | 23 ES [11 W_ | 25 E10 | 
[2 Ghb| 24 Veg]|12 ne [26 0 
13 DO [27 £8 | 


[is enol 28 veo] 











TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-49 


8-50 


PRODUCT GUIDE 


151 | 


1-OF-8 DATA SELECTORS/ 
MULTIPLEXERS 


typical performance 


DELAY TIMES 


logic symbolt 


DATA |DATATO 
FROM |TOTAL 

TYPE | TOINV |NON-INV 
ENABLE |POWER 

OUTPUT | OUTPUT 


‘151A 


SNS54151A (J,FC) 
SN54LS151 (J,FC) 
SN54S151 (J,FC) 


152 


1-OF-8 DATA SELECTORS/ 


MULTIPLEXERS 
typical performance 


DELAY TIMES 


DATA 
FROM | TOTAL 
NABLE |} POWER 


TO INV 
130 mW 


OUTPUT 
| 52a |) ans | — 

_‘usis2] tins | 18ns_ | 28 mw | 
SN54152A (J,FC) 


SN54LS152 (J,FC) 


SN74151A (J,N) 
SN74LS151 (J,N) 


TYPE 


3 
DUAL 4-LINE TO 1-LINE DATA 


SELECTORS/MULTIPLEXERS 
typical performance 


DELAY TIMES 


pebuieiaie FROM | TOTAL 
NON-INV 


ENABLE | POWER 
OUTPUT 


763 [140s | 1708 [180 mn 
Tasisa)t4ns [17 ns 31 mw | 
Tsiss | _6ns_| Ons [225 mw | 


SN54153 (J,FC) SN74153 (J,N) 
SN54L153 (J) 
SN54LS153 (J,FC) 
SN54S153 (J,FC) 


TYPE 


SN74LS153 (J,N) 


Pans | tons | 22m [tae 
usist| tins | tans | 27s 30 mw_ 
Tasns [ens [ons [ozs mw | 


SN74S151 (J.N,FN) 


Oat Wr = ON c) 
6) 


~ 


See 77TL Data Book 


SN74S153 (J,N,FN) 


T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection, 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @© DALLAS, TEXAS 75265 


pin assignments 


pin assignments 


| 104 | 8c 
[302 [10 


8 
0 


pin assignments 


J, N PACKAGES FC, FN PACKAGES 


| 

p11G [9 av [li 16 [11 2 

| 28 [10 2col| 26 | 12 2c0. 

| 3 1c3 [11 2c1 [[ 3 ne | 

| 4 ic2 [12 2c2 || 4 1c3 [14 2¢1 

5 ict [13 203 {| 5 1c2 [15 2c2 

| 6 ico }14 A_ |] 6 1c1 | 16 2¢3 

Pp 7 ay [15 26 | 7 100 | 

| 8 GND] 16 Vec|| 8 nc | 
Lev 
| 


|10 GND {20 vec 


=aio ae 
~J Ww 

3 
> Oo 








PRODUCT GUIDE 


154 logic symbolt pin assignments 


4-LINE TO 16-LINE DECODERS/ 
DEMULTIPLEXERS . 
typical performance 


SELECT | ENABLE | TOTAL 
Tiga | 2a ns [19 ns [170 mw | 
Piss | 46ne | aens | 85 mw 


SN54154 (J) SN74154 (J,N) 
SN54L154 (J) 


“EKER 


oO; ($3) 
Pe ne?) 


hl wir 


NEN - 
Roy wo 
NO 


owaon OO AwWDY = © 


12 GND 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





TEXAS INSTRUMENTS 8.51 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


logic symbolt 


155 
DECODERS/DEMULTIPLEXERS 


(totem pole outputs) | 
typical performance 


SELECT | ENABLE | TOTAL 
TIME TIME |POWER 


2-line to 4-line Decoder 


[55 [tne | 16 ne [125 mi 
sts] tees | 18ns_| a0mw| 


SN54155 (J,FC) SN74155 (J,N) 
SN54LS155 (J,FC) SN74LS155 (J,N) 





logic symbolt 


logic symbolt 1-line to 4-line ODMUX 


3-line to 8-line Decoder 


See 7TL Data Book 


logic symbolt 


156 


DECODERS/DEMULTIPLEXERS 
(open-collector outputs) 


2-line to 4-line Decoder 


typical performance 


TIME TIME |POWER 
| [1156 | 23ns_ | 18ns_| 125 mW | 
[usise] 33ns_| 26ns_| 31 mw | 


SN54156 (J,FC) SN74156 (J,N) 
SN54LS156 (J,FC) SN74LS156 (J,N) 










logic symbo!t 
3-line to 8-line Decoder 


2Y0 
2Y1 
2Y¥2 
2Y3 
1Y0 
1Y1 
1¥2 
1Y3 





t Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





2Y0 
2Y1 








pin assignments 


| J,NPACKAGES || Fc, FN PACKAGES 
tic [9 2vo || 1 1c [11 2¥0 
2.16  |10 2v1 |] 2.16 12 2v1 
jt1_2¥2 || 3 nc | 
3 {12 2v3 || 4 8 [14 2v2 
13 Aj] 5 tv3_ [15 2v3 
114 2G || 6 1v2 [16 A 
jis 2c || 7 1vt [17 2G | 
116 Vcc |} 8 nc | 18 nc | 
|_9 1vo {19 2c | 


[foeno [20 veo | 


5 1Y¥2 


6 1Yi 
7 1Y0 


logic symbo!t 
1-line to 8-line DMUX 





pin assignments 


FC, FN PACKAGES 










1¥0 





Ba 4B {14 2v2 | 
ie 5 1Y3 
1v3 | 


}8 nc [18 ne | 


2Y2 
2Y3 


logic symbolt 
1-line to 8-line DMUX 


TY0 
1¥1 
1Y¥2 
1Y¥3 
2Y0 
21 
2Y3 
2v4 





See 77TL Data Book 





8-52 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TEXAS INSTRUMENTS 


157 . logic symbolt 


QUAD 2- TO 1-LINE DATA 
SELECTORS/MULTIPLEXERS 
(non-inverted data outputs) 


typical performance 


DELAY TIMES 
DATA TO 
TYPE | NON-INV a eters 
ENABLE }|POWER 


OUTPUT 


Tas? [ons | tans [150 mW 
Puss? [tees [208 [75 mW 
el ee ee See TTL Data Book 
| ‘S157 | | 6 Sns | 8ns | 250 mW | 


SN54157 (J,FC) SN74157 (J,N) 
SN54L157 (J) 

SN54LS157 (J,FC) SN74LS157 (J,N) 
SN54S157 (J,FC) SN74S157 (J,N,FN) 


158 logic symbolt 


QUAD 2- TO 1-LINE DATA 
SELECTORS/MULTIPLEXERS 
(inverted data outputs) 

typical performance 


DELAY TIMES 


DATA 
rvpe | To INV FROM TOTAL 
ENABLE | POWER 
OUTPUT 


sise [ans | _7os_| 198 ma 


SN54LS158 (J,FC) SN74LS158 (J,N) See TTL Data Book 
SN54S158 (J,FC) SN74S158 (J,N,FN) 





T Pin numbers shown on logic symbols are for J and N packages only, 
ne — no internal connection. 


PRODUCT GUIDE 


pin assignments 


[aN PACKAGES _ 


FC, FN PACKAGES 


| 
1a_[i0 38 [| 2 Ae 
fae [11 3a [| 3 ne 
faty fiz vf] 4 ta} 
fs za [13 48 | 5 18 
[628 [14 4a || 6 av 
ays 6 | 7 2a 
fs Gn [16 Veo|| 8 26 [18 ne _| 

[9 2v [i _ 

[1 6No 


pin assignments 








TEXAS INSTRUMENTS 8.53 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


15 9 logic symbol, ‘159t - pin assignments 


4- TO 16-LINE DECODERS/ 
DEMULTIPLEXERS 
(open-collector outputs) 


typical performance 


type | SELECT | ENABLE | TOTAL 
TIME | TIME | POWER 
| 159 | 24ns | t9ns_|170 mw 


SN54159 (J) SN74159 (J,N) 


oon og st wWN— o 


2 =a ot =o et = 
oe wn - o 


0 
1 

2 
3 
4 
5 
6 
7 
8 
9 


See TTL Data Book 





Tt Pin numbers shown on logic symbols are for J and N packages only. 
ne — nointernal connection, 





8-54 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


160 logic symbol, ‘160t pin assignments 


SYNCHRONOUS 4-BIT 
COUNTERS 


(decade, direct clear) 
typical performance 


COUNT } | TOTAL 
TYPE CLEAR 
FREQ POWER 
| 160 | 25 MHz | ASYNC-L | 305 mw 
‘LS160A | 25 MHz [ASYNC-L| 93 mw | 


SN54160 (J,FC) SN74160 (J,N) 
SN54LS160A (J,FC) SN74LS160A (J,N) 


See TTL Data Book 


161 pin assignments 


SYNCHRONOUS 4-BIT 


CLR LOA 
COUNTERS <a (ERin: 
A 


(binary, direct clear) 2 [SA 


typical performance 


(Fea | HEAR [power | 
TYPE ‘| CLEAR 
FREQ POWER 
61 [25 tire [ASVNG-L| 305 mw 


-§N54161 (J,FC) SN74161 (J,N) 
SN54LS161A (J,FC) SN74LS161A (J,N) 





See TTL Data Book 





T Pin numbers shown on togic symbols are for J and N packages only. 
ne — no internal connection. 





TEXAS INSTRUMENTS 8.55 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


162 logic symbol, ‘162t pin assignments 
SYNCHRONOUS 4-BIT 

COUNTERS 

(decade, synchronous clear) 


typical performance 


re [ie | SU | pone 

TYPE CLEAR 

FREQ POWER 

: 


SN54162 (J,FC) SN74162 (J,N) 
SN54LS162A (J,FC) SN74LS162A (J,N) 
SN54S162 (J,FC) SN74S162 (J,N,FN) 


See 77L Data Book 


16 3 pin assignments 


SYNCHRONOUS 4-BIT 
COUNTERS 
(binary, synchronous clear) 


typical performance 


joucan | owen 

CLEAR 

POWER 
[63 _[25 we 

) 25 MHz 


SN54163 (J,FC) SN74163 (J,N) 
SN54LS163A (J,FC) SN74LS163A (J,N) 
SN54S163 (J,FC) SN74S163 (J,N,FN) 


See 77L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 


I A NG a SE Te a] 


8-56 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


1 6 A logic symbolt pin assignments 


8-BIT PARALLEL OUTPUT 
SERIAL SHIFT REGISTERS 
(asynchronous clear) 


typical performance 


SERIAL 
SHIFT ASYNC | TOTAL 

TYPE DATA 
FREQ CLEAR |POWER 

INPUT 


LOW 


SN54164 (J,FC) SN74164 (J,N) 
SN54L.164 (J) © 
SN54LS164 (J,FC) SN74LS164 (J,N) 


165 | a° pin assignments 


8-BIT SHIFT REGISTERS 


(parallel-load with com- SH/LD G1 {SHIFT} 


plementary outputs) C2 [LOAD] 
sAal f CLK INH 
typical performance ae 


SHIFT eee ASYNC | TOTAL SER 
TYPE DATA 
FREQ | CLEAR |POWER 
INPUT 


[76s [25M NONE [210 mw 
risies[asmHe| 0 | NONE [105 mw | 


SN54165 (J,FC) SN74165 (J,N) 
SN54LS165 (J,FC) SN74LS165 (J,N) 


[io eno | 20 vec 


= Oonmoo0oop 


QOH 
Oy See TTL Data Book 


16 6 pin assignments 


ear euieenealereds - : 


(parallel/serial input; serial output) 


typical performance 


SERIAL 
eyne | para | See et | fo fs ants cis 


14 =#4H 
pistes [35 MHz [>| Low [110 mw] jr cux [as swcolf2 ES Jaz oe 
[sono [16 Veo |[@ ne [1s H | 


SN54166 (J,FC) SN74166 (J,N) 
SN54LS166 (J,FC) SN74LS166 (J,N) | 9 CLK | 19_SH/LD | | 
[ro_cno[20 Voc _| 


wn 
m 
a 





ra7mtmmMooW > 


See 7TL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 





TEXAS INSTRUMENTS 8-57 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


167 logic symbolt pin assignments 


SYNCHRONOUS DECADE 
RATE MULTIPLIERS 
typical performance 


_. | COUNT TOTAL 
TYPE CLEAR 

FREQ POWER 

25 MHz |ASYNC-H | 270 mW 


SN54167 (J) | SN74167 (J,N) ea | 7 ENout{15 B1 | 
[8 end [16 Vcc | 


See 7T7L Data Book 


1 6 § pin assignments 


4-BIT UP/DOWN SYNCHRO- CTRDIV10 


NOUS COUNTERS M1 [LOAD] 
M2 (COUNT] 
(decade) 


tupical perk M3 [UP] 
ypical performance M4 [DOWN] 


SN54S 168 (J,FC) SN74S168 (J,N) 


See TTL Data Book 


1 6 9 , pin assignments 


4-BIT UP/DOWN SYNCHRO- 
NOUS COUNTERS 
(binary) 

| typical! performance 


SN54S169 (J,FC) SN74S169 (J,N,FN) 


ra ne 
rs 8 
re ne 
To ENP, 


O GND| 20 Vcc 


See 77L Data Book 





Tt Pin numbers shown on togic symbols are for J and N packages only. 
ne — no internal connection. 


SSS a a ET ES TI a I I PSI a I A TEE 


8-58 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


170 logic symbolt pin assignments 


4-BY-4 REGISTER FILES | _J,NPACKAGES |[FC, FN PACKAGES 
typical performance | 1 D2 | 9 Q2 | 


TYPE Ww 
ADDRESS| POWER A |3 04 [11 GR 
sae (mss TIME |PER BIT —— 
OUTPUT 13 WB 


2uns = 


SN54170 (J,FC) SN74170 (J,N) 
SN54LS170 (J,FC) SN74LS170 (J,N) 


172 pin assignments 


: | J,NPACKAGES | N PACKAGES 
16-B wr 
IT REGISTER FILES an 


a 
TYPE GW GR 
ADDRESS | POWER W2 
TYPE oF 
OUTPUT 


typical performance 


1RO 
TIME |PER BIT rs 


SN74172 (J,N) 1GW 

W/RO 
si 0 
ae 
ZW? 


2GW 
2GR 
CLOCK 
IDA 
2DA 


1DB 
2DB 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





TEXAS INSTRUMENTS 8-59 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


173 logic symbol, ‘173t pin assignments 


4-BIT D-TYPE REGISTERS 
(3-state outputs) 
typical performance 


TYPE 
CLEAR | POWER 


SN54173 (J,FC) SN74173 (J,N) 
SN54LS173A (J,FC) SN74LS173A (J,N) 


See TTL Data Book 


174 pin assignments 


HEX D-TYPE FLIP-FLOPS 
(single-rail outputs, common 
direct clear) 

typical performance 


TYPE FREO POWER |DELAY TIMES 
re nst 


Pist74 | 40 me [10.6 mw | 20st] 6 ast 
See TTL Data Book 


t Rising edge of clock pulse 

SN54174 (J,FC) SN74174 (J,N) 
SN54LS1 74 (J,FC) SN74LS174 (J,N) 
SN54S174 (J,FC) SN74S174 (J,N,FN) 





Tt Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internat connection, 


a I NN I FT TE Oe Se 


8-60 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


175 logic symbolt pin assignments 


QUAD D-TYPE FLIP-FLOPS CLR (1) 


(complementary outputs, CLK 


common direct clear} 
typical performance 1D 


TYPE POWER |DELAY TIMES 
PER F-F | SETUP;]HOLD 2D 
35 Wiz [38 min 


20 


t Rising edge of clock pulse 
SN54175 (J,FC) ~~ §N74175 (J,N) See TTL Data Book 


SN54LS175 (J,FC) SN74LS175 (J,N) 
SN54S8175 (J,FC) SN74S175 (J,N,FN) 


4D 





T Pin numbers shown on logic symbols are for J and N packages only. 


nc — no internal connection, 





TEXAS INSTRUMENTS 8-61 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS. TEXAS 75265 


8-62 


PRODUCT GUIDE 


176 


PRESETTABLE DECADE/ 
BIQUINARY COUNTERS 


logic symbol, ‘176 


typical performance 


COUNT . TOTAL 
TYPE CLEAR 
FREQ POWER 


SN54176 (J) SN74176 (J,N) 


PRESETTABLE BINARY 
COUNTERS 
typical performance 


COUNT TOTAL 

TYPE CLEAR 
FREQ POWER 
35 MHz| LOW | 150 mW 


SN54177 (J) SN74177 (J,N) 


178 


4-BIT UNIVERSAL 
SHIFT REGISTER 
typical performance 


SHIFT 
LOAD 


ype | SHIFT ASYNC | TOTAL ar 
FREO CLEAR |POWER SER 
| 178 {25MHz} D | NONE |230 mw 


SN54178 (J,FC) SN74178 (J,N) 


See TTL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


pin assignments 


pin assignments 


J,N PACKAGES 


pin assignments 


[aN PACKAGES] 
rs [8 ac_ 
[2a_[ 9 LOAD] 


2A 
rasea | 10Gb 


FC, FN PACKAGES 


11 


oe 
Pane 


| 
| 
| 

}13 ne 
[4 a [14 ap | 
| }15 nc 
| 6 GA [16 SHIFT | 
| 








179 


4-BIT UNIVERSAL 


SHIFT REGISTERS 
(direct clear; Op com- 


plementary outputs) 


typical performance 


SHIFT 
TYPE 
FREQ 


logic symboit 


ASYNC | TOTAL 
CLEAR |POWER 


| 179 [25MHz] | LOW [230 mw | 


SN54179 (J,FC) 


SN74179 (J,N) 


180 


9-BIT ODD/EVEN PARITY 


GENERATORS/CHECKERS 
typical performance 


[TvPE | POWER [DELAY | 
180 [170 mw] 35s 


SN54180 (J) SN74180 (J,N) 


181 


ARITHMETIC LOGIC UNITS/ 
FUNCTION GENERATORS 
(16 arithmetic operations, 

16 logic functions) 

typical performance 


CARRY | ADD | TOTAL 
TGs | Sins | 560 mi 
[a6 ns | 24ns | 102 mW | 


See TTL Data Book 


logic symbolt 


EVEN El 


ODD 


A 
B 
C 
D 
E 
F 
G 
H 


(0... 
(0... 


(0... 


SN54181 (J,FC) 
SN54AS181 (J,FC) 
SN54LS181 (J,FC) 
SN54S181 (J,FC) 


SN74181 (J,N) 
SN74AS181 (J,N,FEN) 
SN74LS181 (J,N) 
SN74S181 (J,N,FN) 


See T7L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection, 


PRODUCT GUIDE 


Pin assignments 


o “IO > _ 
0 O > 
Oo 


J, N PACKAGES 
1 CLR] 9 QC 
3 A 


cs 
rsa 
[a sem 


[7 a8 [15 ¢ 
| 8 GND}16 Vcc 


C, FN PACKAGES 


arn [11 ac] 
sre | 
fa_ap__| 
fis Go| 
A_[16 SHIFT] 
cui | 
rene _| 


| 


12 QD 
13 SHIF 


pin assignments 


pin assignments 


J, N PACKAGES 


reo [3 Fs 
rasa fis? 
Pa sz] 16 Sova 
eer [are 

Pe so | 18 83 
21 
rem] 2062 
23 Fi 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


8-63 


8-64 


PRODUCT GUIDE 


182 


LOOK-AHEAD CARRY 
GENERATORS 


typical performance 


[roe [rowen| 
TYPE 
TIME 


SN54182 (J,FC) 
SN54$182 (J,FC} 
SN74182 (J,N) 
SN74S182 (J,N,FN) 


DUAL CARRY-SAVE 
FULL ADDERS 
typical performance 


Y ; 
TYPE CARR ADD | POWER 
TIME TIME | PER BIT 


110 mw 


logic symbolst 


Ul | 
(Ql Zia ya go 


Pitre 
Tusies | 150s [1808 | 23 mw_ 


SN54H183 (J,FC) 
SN54LS183 (J,FC) 


SN74H183 (J,N) 
SN74LS183 (J,N) 


G2/2Z10 
23 


G4 
25 


G6 
27 
G8 
z9 


See TTL Data Book 


logic symbolt 


2A 


2B 


2C ry 


See 77TL Data Book 


t Pin numbers shown on logic symbols are for J and N packages only, 


nc — no internal connection, 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


pin assignments 


pin assignments 


P13 nc 


FC, FN PACKAGES 
ria [tre 

3ne [13 v6 _| 
Pane [14 ve | 
TS ne | 18 2Cpa4 

71a 








PRODUCT GUIDE 


184 logic symbolst VEUSION: pin assignments 
CODE CONVERTERS 
(BCD to binary) 


typical performance 


| TYPE | POWER | DELAY | 
| ‘184 | 280mw]| 25 ns_| 


SN54184 (J) SN74184 (J,N) 


BCD/BIN 


wsp {° 
E 


SEE VERSIONS 
2 AND 3 


VERSION 2 VERSION 3 


[BCD/BCD 9’S COMP] [BCD/BCD 10’S COMP] 
X/Y 


3/4/7/8 Q 
BCD 3/4/5/6 Q 


(HIGH) 


SEE VERSION 1 2 SEE VERSION 1 


See TTL Data Book 





tT. Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 





TEXAS INSTRUMENTS 


INCORPORATED 


8-65 


POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


18 5 logic symbol? . pin assignments 


CODE CONVERTERS 
| - 1 YI 9 Y8 
(binary to BCD) | 10 A 
typical performance < EPs 3 ¥3 [11 8B | 
| TYPE | POWER | DELAY | 
Presa 760 mW] 258 2oft—w |. fev tao] 
ao le Ye [14 ec |. 
(15 6 


SN54185A (J) SN74185A (J,N) . 2 80 


6-BIT : 102 . 16 Vcc 
8 : 


BINARY 
20 © 
40© 
anqee 2 
aqee .}) 
See TTL Data Book — 
187 logic symbol pin assignments 
1024-BIT READ-ONLY = — ROM 256 X 4 
MEMORIES 


(256 4-bit words; open- 
collector outputs) 


typical performance 


ACCESS TIMES 


CHIP- ; 
TYPE ADD 
‘| SELECT ore 


187 


SN54187 (J,FC) =SN74187 (J,N) 


188 


256-BIT PROGRAMMABLE 
READ-ONLY MEMORIES 


(This number has been changed to TBP18SA030. Product Guide information for this TTL circuit 
can be found at the end of this section.) 





T Pin numbers shown on Jogic symbols are for J and N packages only. 
ne — nointernal connection. 





3.66 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


189 


64-BIT RANDOM-ACCESS 
MEMORIES 

(16 4-bit words; three- 
state outputs) 


typical performance 


TYPE 
TIME TIME PER BIT 


SN54LS189A (J,FC) SN74LS189A (J,N) 
SN54S189A (J,FC) SN74189A (J,N,FN) 


190 
SYNCHRONOUS UP/DOWN 
COUNTERS 
1 (BCD) 
typical performance | 


| COUNT [PARALLEL] TOTAL 
TYPE 

FREQ | LOAD 
| 190 | 20MHz] ASYNC [325 mW 
‘$190 [20 MHz] ASYNC [100 mw 


SN54190 (J,FC) SN74190 (J,N} 
SN54LS190 (J,FC) SN74LS190 (J,N) 


191 


SYNCHRONOUS UP/DOWN . 
COUNTERS 

(binary) 

typical performance | 


OUNT | PARALLEL a i 
TYPE | L TOTAL 
FREQ 


aot [20 me iv | 


SN54191 (J,FC) SN74191 (J,N) 
SN54LS191 (J,FC) © === SN74LS191 (J,N) 


logic symbolt pin assignments 


RAM 16 X 4 


1EN [READ] 
1C2 [WRITE] 


pin assignments 


CTRDIV10 


M2{DOWN] 2(CT=0)26 
M3 [UP] 3(CT=9)Z6 


2(CT=0)26 
“3(CT=15)Z6 


tT Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection. 


PRODUCT GUIDE 








TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-67 


PRODUCT GUIDE. 


192 logic symbo!t 


SYNCHRONOUS UP/DOWN 
DUAL CLOCK COUNTERS 
(BCD with clear) 


typical performance 


COUNT | PARALLEL | TOTAL 
TYPE ) 
FREQ POWER 
25 MHz ASYNC | 325 mW 


| ‘192 | 


SN54192 (J,FC) SN74192 (J,N) 
SN54L192 (J) 
SN54LS192 (J,FC) 


193 


SYNCHRONOUS UP/DOWN 
DUAL CLOCK COUNTERS 
(binary with clear) 


CTRDIV10 


SN74LS192 (J,N) 


typical performance 


rype | COUNT | PARALLEL | TOTAL 
FREQ | LOAD | POWER 
25MHz| ASYNC_ | 325 mw 


SN54193 (J,FC) 
SN54L193 (J) 
SN54LS$193 (J,FC) 


4-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT REGISTERS 
typical performance 


SN74193 (J,N) 


SN74LS$193 (J,N) 


SN54194 (J,FC) 
SN54LS194A (J,FC) 
SN54S194 (J,FC) 


SN74194 (J,N,FN) 
SN74LS194A (J,N) 
SN748194 (J,N,FN) 
See TTL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 


pin assignments 


J, N PACKAGES 


10 C 


}3 QA [11 LOAD 
4 DOWN]12 CO 


[sup 
rs acta cu 
[7 ap |15 A 


=> | ad }| = 
fo3) 
< 
QO 
QO 


pin assignments 


1B j|90 | 


ae 
13, 60_. 
14 CLR 


pin assignments 


FC, FN PACKAGES 


5 


a, [hc [13 oc |] 58 11s aD | 


fe [1408 || 6c |e ac_| 


SL 
7 15 QA 7 0 17 QB 


Pe ono [16 Veo [ere | 18 ne | 


19 QA 


[i0-6no [20 Veo 








8-68 | TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


19 5 logic symbol, ‘1 g5t pin assignments 


4-BIT PARALLEL-ACCESS SRG4 
SHIFT REGISTERS M1 [SHIFT] 


typical performance M2 [LOAD] 


SHIFT 
TYPE TOTAL 
FREQ POWER 


c 
R 


SN54195 (J,FC) SN74195 (J,N) 
SN54LS195A (J,FC) SN74LS195A (J,N) 
SN54S8195 (J,FC) SN74S195 (J,N,FN) 


1 9 6 pin assignments 


PRESETTABLE DECADE/ eee 7 
1 LOAD] 8 CLK1]/ 1 LOADI11 CLK1 
BIQUINARY COUNTERS/ pL LOAD | “= Se 
es fae fos [snc |ia ne _| 
typical performance 4A 41D |] 4nc {14 nc | 


[sea fives se fee 

Faeyr tee 
FREQ | LOAD eenes [7END [14 Veo || 7 OA [17 00 

Taa6 | somne] ves | Low [240 mw. [ere a we 


[9 cia [19 CER | 
[Ps ES 
B 


SN54196 (J,FC) SN74196 (J,N) 
SN54LS196 (J,FC) SN74LS196 (J,N) 
SN54S196 (J,FC) SN748196 (J,N,FN) 








See 77L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 


Ne Ne A oe ree] 


TEXAS INSTRUMENTS 8.69 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


197 logic symbol? pin assignments 


vi 


PRESETTABLE BINARY C, FN PACKAGES 
LOAD] 11 C 
COUNTERS/LATCHES 


aos _| 
fia ne 
ns 8 | 
sa [iso | 


797 | somne| ves | Low [240mm rehire 
S197 [fooMHe| ves | Low [375 mw 10 GND 
SN54197 (J,FC) SN74197 (J,N) 

SN54LS197 (J,FC) SN74LS197 (J,N) 

SN54S197 (J,FC) SN74S197 (J,N,FN) 


ag 
_ 
ol 
210 
lg 


typical performance 


oa 
o) 


1 9 8 pin assignments 


8-BIT BIDIRECTIONAL 


UNIVERSAL SHIFT REGISTERS 
typical performance 
SERIAL 
SHIFT ASYNC | TOTAL 
TYPE DATA 


FREQ CLEAR | POWER 
INPUT 


[98 2swie[ 0 | cow [360 mw | 


SN54198 (J) SN74198 (J,N) 
es SER 
23 S1 


12 GND | 24 Vcc 


See 77TL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nce — no internal connection, 





8-70 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


PRODUCT GUIDE 


19 g togic symbolt pin assignments 


8-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT REGISTERS 


(J-K serial inputs) 
ASYNC | TOTAL 
CLEAR | POWER 


L199 | 25MHz{ JK | Low | 360 mw | 


SN54199 (J) SN74199 (J,N) 


typical performance 


12 GND 24 Vcc 


2 01 pin assignments 


256-BIT RANDOM-ACCESS RAM 256 X 1 
MEMORIES 9 Aa 
(256 1-bit words; three- 
ead 
nae 
typical performance rae 


TYPE 
TIME TIME 


‘S201 | 


SN74S201 (J,N) 


14 7 
ADDRESS | ENABLE | POWER/ [6 Gf 14 a7 | 
BIT 6 


1 EN [READ] 
1 C2 [WRITE] 


219 


64-BIT RANDOM-ACCESS 
MEMORIES 

(16 words of 4 bits each; 
three-state non-inverting 
output) 


typical performance W 1 EN [READ] 


type | ADDRESS | ENABLE | POWER/ 1C2 [WRITE] 
TIME | Time BIT 


fus2i9a] s0ns__ | 35ns 


SN54LS219A (J,FC) SN74LS219A (J,N) 


See Page 2-45 





Tt Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





TEXAS INSTRUMENTS 8.71 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-72 


PRODUCT GUIDE 


221 


DUAL MONOSTABLE 
MULTIVIBRATORS 


typical performance 


| OUTPUT 
TYPE PULSE 
RANGE 


SNS4LS271 
2008-708 


SN74221 (J,N) 
SN54LS221 (J,FC) SN74LS221 (J,N) 


SN54221 (J,FC) 


222 


64-BIT FIFO MEMORIES 
16 4-BIT WORDS 


(input-ready enable, output- 
ready enable, and three-state 


output) 
typical performance 


DELAY TIME | TOTAL 
TYPE 
FROM CLOCK | POWER 


SN74LS222 (J,N) 


SN54LS222 (J,FC) 


logic symbolt 


1A 
1B 


1CLR 
1Cext 


1Rext/Cext 


2A 
2B 


2CLR 
2Cext 


2Rext/Cext 


See 77L Data Book 


logic symbolt 


See Page 2-57 


t Pin numbers shown on logic symbols are for J and N packages only, 


nc -- no internal connection. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


pin assignments 


[NPACKAGES || FG, FNPAGKAGES | 
fia [it 2a_| 


1 1A 
[218 [10 25 12 28] 
Ps aerr | 11 26ch |fs ne [1s ne 
)4 10) {12 20 [4 CLA [14 nc 
fs2a_ [13 10__| 


7 2Rext/ 15 pes 
t 
| 8 GND | 16 Vcc | | 8 nc 118 1Cext | 1Ceys 


[2 18 
P3ine | 
[4 3CLA | 
pee aor 


TR 
9 19 |Rext/ 
Cext 


Pin assignments 


26 ORE 
27. UNCK 
28 Vcc 


15 CLR 

re 03] 
wBinc | 
19 ne] 
Par ae | 
faa ne 
}23 G0 | 
[24 on | 
[35 ne | 
[36 ORE | 
[27 UNGKY 
[28 Vec_| 








PRODUCT GUIDE 


2 24 logic symbolt pin assignments 


64-BIT FIFO MEMORIES 


. ORDS | 1 OE | 9 CLR | 
busied ain [1003 


(three-state output) 3 LOCK! 11 Q2 
typical performance 12 Q1 


DELAY TIME | TOTAL eae 
TYPE | 6 D1 [13 co | 
FROM CLOCK | POWER re p2 | 14 oR] 


SN54LS224 (J,FC) SN74LS224 (J,N) 


ae Kea 

|4nc [48 ne | 

[5 LOCK] 19 ne | 

[6 Do [20 a1 | 
7 one 


Pyne [21 ne 
pene [22 ne 
rane 23 00 


pin assignments 





225 


80-BIT FIFO MEMORIES 
16 5-BIT WORDS 


[ FC. FN PACKAGES | 
fi_oa|[v CLRAya oa J 
Ee 


2 ae : 
typical performanc UNCK 
13. Q2 3 13 Q2 
OUT 


[12.03 | 

DELAY TIME | TOTAL 13 02 

re [4 do [isan | 
Eee | Ee 
6 iw 


FROM CLOCK |POWER 


| 3State | 50ns 1400 mw | | 
[ia eth [fs 04 [re CrR 
10 


togic symbolt 


UNCK 
16 

iN 
L 


SN74S225 (J,N,FN) 





See Page 2-65 





T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection, 





TEXAS INSTRUMENTS | 8-73 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


2 26 logic symbolt pin assignments 


, [_S,NPAGKAGES || FC, FNPACKAGES | 
4-BIT PARALLEL LATCHED 9 ocAs |}1 GBA 
a aa muiebiee ee EO | 
(three-state outputs) Pat fais iis st_[ivre | 
typical performance p4 Az [12 B2 fla nc 18 ne 

rs as [13 81s ne] 19 ve | 

pe As [ia s2_ ile Ar_| 20 83 
TYPE | SOURCE [7 OCBA|15 GAB [{7 AZ| 21 B2_ | 


CURRENT | CURRENT fe eno 16 veo [sas | 2281 | 

"$226 [2 Aa [23 ne _| 

at (aso fion2ip 6 V fone [247 s2 

SN54S226 (J,FC) SN74S226 (J,N,FN) it nc | 25 nc | 
V7 (o/1/2)D] ~—(0/3)5D 

ft2 nc | 26 nc | 


ia OcBA 27 GAB 
fia eno [28 Veo | 


2 21 | pin assignments 
64-BIT FIFO MEMORIES 

16 4-BIT WORDS 

(input-ready enable, output- 

ready enable, open-collector 

outputs) 

typical performance 


DELAY TIME |; TOTAL 
FROM CLOCK | POWER 


SN54LS227 (J,FC) SN74LS227 (J,N) 


TYPE 


See Page 2-57 





Tt Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





8-74 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


228 logic symbol pin assignments 
64-BIT FIFO MEMORIES FIFO16X4 


16 4-BIT WORDS CTR 
(open-collector outputs) 


FC, FN PACKAGES 


typical performance 


risa | 
}18 nc | 
ig ne] 


z 


nN ~ wm 
oO a] i 
Pe} a ie) 

(e) 


f20 a1 Qi 


SN54LS228 (J,FC) SN74LS228 (J,N) 


27 UNCK 


4 GND | 28 Vcc 


—_ | —_ 
ie) 
Oo 
W 


240 —— pin assignments 


OCTAL BUFFERS/LINE | J,NPACKAGES || 

DRIVERS/LINE RECEIVERS PUG ft 2at [fp 1 iG 1a 2at | 
(inverted three-state outputs) eee 
f 


FC, FN PACKAGES 


typical performance : 
MAX 
TYPE {| DELAY | SOURCE 6 1a3_ | 16 1v2 |{ 6 1a3 | 16 1¥2 | 
crm CURRENT | CURRENT | 23 | 7 2v2 | 17 204 |{ 7 2v2 | 17 204 | 
RC 
fsn74is240| tons | —15mA | 24mA_| i 
7 
[sw7asz40 | Sns | —18mA | 64mA 


SN54LS240 (J,FC) SN74LS240 (J,N) 
SN54S240 (J,FC) SN74S240 (J,N,FN) 


241 | pin assignments 
OCTAL BUFFERS/LINE | _4,NPACKAGES _|[|_FC, FN PACKAGES | 
DRIVERS/LINE RECEIVERS TE REET LEE 
‘ | 2 1A1 | 1A1 } 12 1Y4 | 1Y¥4 | 2 1A1 | 1A1 | 12 4¥4 | 1Y4 
inoninverted three-state outputs) “save P as aaa IP a ava | 13 22] 
acl eld v4 1az [14 v3 || 4 1a2 | 14 1v3 | 
MAX | 8 2¥3 | 15 243 |{ 5 2¥3 | 15 2A3 | 
TYPE | DELAY | SOURCE | 6 1A3 | 16 1¥2 |{ 6 1A3 | 16 1Y2_ | 
CURRENT | CURRENT ee 
8 1A4 18 1Y1 8 1A4 18 1Y1 
Para fet [fe tae ae 
an ae eT Ee 
[10 GND [| 20 Vcc |[10 GND | 20 Vcc | 
| sN54S8241 | 5ns | -12mA_ | 48ma_| 
| sN748241 | 5ns | -15maA | 64mA__ 


SN54LS241 (J,FC) SN74LS241 (J,N) 


SN54S241 (J,FC) SN74S241 (J,N,FEN) See TTL Data Book 





tT Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8-75 


INCORPORATED 


POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


242 logic symboit 
QUADRUPLE BUS GBA 
TRANSCEIVERS 

(inverted three-state outputs) A 

typical performance 


MAX A2 
TYPE DELAY | SOURCE 
CURRENT | cuRRENT | 42 


SN54LS242 | tins | -12mA_ | 12mA_ | 
SN74L8242 | itns | -15mA | 24mA 


SN54LS242 (J,FC) SN74LS$242 (J,N) 


243 . logic symbolt 
(13) 

QUADRUPLE BUS 

TRANSCEIVERS 

(non-inverted three-state outputs) 

typical performance 


MAX 
TYPE DELAY | SOURCE 
CURRENT | CURRENT 


SN54LS243 


SN54LS243 (J,FC) SN74LS243 (J,N) 


244 


OCTAL BUFFERS/LINE 
DRIVERS/LINE RECEIVERS 
(non-inverted three-state outputs) 
typical performance 
MAX 
TYPE DELAY | SOURCE 
CURRENT | CURRENT 


SN54LS244 (J,FC) SN74LS244 (J,N) 


See 7T7L Data Book 


T Pin numbers shown on togic symbols are for J and N packages only. 
nc — no internal connection. 


pin assignments 


[—T.NPACKAGES [| FC. FN PACKAGES | 
ri Gas] 8 64 |] tne] 
Pz re | 9 83_|| 2 GAB 
SAT | 10 62 |[3re [13 ne 
Paar [ti et |p 4 ne | 14 ve 
i 23 _| 


B26 A3_[12 ne || 5 AT 


reaa [13 Gen |] 6 ar | 16 62] 
Trend [14 Voc [7 aa] 17 81 
saa [19 Gea 
[[io-cno] 20 Veo | 


pin assignments 


[ a, NPACKAGES |] FC, FNPAGKAGES | 
ra Gas [2 04 [fine [1 os | 
Pz ne [| 9 63 || 2 GaB| 12 ne | 
Psat_[ 1062 [[3ne | 13 ne 
Oo | 
rs as [12 ne [PS AT] 16 63] 
Ps_aa_[13 Gea [fo A2 | 16 02 | 
Pr eno [14 veo |? aa [47 et 

| | 8 nc | 18 nc 


i} 9 Aa | 19 GBA | 
[ie eno [20 Voc 


pin assignments 


[_SNPACKAGES || FC, FN PACKAGES _ 
Cre zat [4 16 [at zat 
Pa vat_[v2ive fa at [12 va] 
Ds_2va_[ 43 2a2 || _3 2va [13 202 | 
Pa iaz [14 tvs [[4 1a2 [1a is | 
s2vs_| 15 203 [| 5 ova | 15 203 
Pe _1aa_| 16 tv2 | 6 tag [16 12 | 
p72v2 [17 200 || 7 2v2_[ 17 204 _| 
Pe taa_| iat |] 8 1a 
revi [we 2 [932i 
fio_eNo | 3 Vee [[ 10 GNO | 20 Veo | 








8-76 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


245 logic symbolt pin assignments 


OCTAL BUS TRANSCEIVERS g (eas 


(non-inverted three-state outputs) 3 EN1 [BA] 
typical performance 3 EN2 [AB] 


TYPE “DELAY 
- | CURRENT-| CURRENT 


SN54LS245 (J,FC) SN74LS245 (J,N) 


246 logic symbolt pin assignments 


24] $8 


FC, FN PACKAGES 
BCD-TO-SEVEN-SEGMENT 

DECODERS/DRIVERS p2ee= 
WITH RIPPLE BLANKING 


2 C 
Bl/ 
(246-active-low, open-collector, 
30-volt outputs) js i | 
13 a 
(247-active-low, open-collector, 
Eee 
8 


15-volt outputs) 15 f 


16 Vee 


7 

[ane [rene | 
|9 A ji9 fT 
lio eo [20 Veo 


_ 
- 
ie} 
ee, CSG See Ce ee Oe ee 


typical performance 


OUTPUT | OFF-STATE See TTL Data Book 
| TOTAL 
TYPE OUTPUT 
POWER 
CURRENT| VOLTAGE 


247 320 mW 


SN54246 (J,FC) SN74246 (J,N) 
SN54247 (J,FC) SN74247 (J,N) 
SN54LS247 (J,FC) SN74LS247 (J,N) 








. FONT TABLE T2 — RESULTANT DISPLAYS USING ‘246 AND ‘247 
Tt Pin numbers shown on logic symbols 


are for J and N packages only. rs C _] C_ LL ~} Cj a 
ne — no internal connection. Lt —!) =) | | ts _] 
0 1 2 3 5 6 7 8 9 10 11 


TEXAS INSTRUMENTS 8-77 


INCORPORATED 


4 


12 13 14 #15 





POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 





PRODUCT GUIDE 


248 logic symbol? pin assignments 


BCD-TO-SEVEN SEGMENT "BINT SEG [TN PACKAGES FC, FN PACKAGES | 


DECODERS/DRIVERS pi B [oe fi1B [we | 
| 2C 

(internal pull-up outputs) p2 c [wg 2c jiza 

ee se 


a) ee ed ee 
FBO |. 
BI/ 
Po oe 
peo [wg [le Fer fies 
eae Ne 0 
a a ee 
| 


Laan 





typical performance 


pre ouTpuT | OFF-STATE 
TYPE OUTPUT 
CURRENT| VOLTAGE 


SN74L5248 125 mW 


SN54248 (J,FC) SN74248 (J,N) 
SN54LS248 (J,FC) SN74LS248 (J,N) 


249 logic symbolT pin assignments 


BIN/7 SE | a WEACKAGES!_|/FC, EN EACKAGES:| 
BCD-TO-SEVEN SEGMENT ra PRSsENESeEAES 
DECODERS/DRIVERS 

(open-collector outputs) 


typical performance 


| OUTPUT | OFF-STATE See TTL Data Book 
TYPE OUTPUT 
CURRENT] VOLTAGE 


SNBALS265 


SN54249 (J,FC) SN74249 (J,N) 
SN54LS249 (J,FC) SN74LS249 (J,N) 





t Pin numbers shown on logic symbols FONT TABLE T2 — RESULTANT DISPLAYS USING ‘248 AND ‘249 


are for J and N packages only. UO elsHSis) Aci Ele] _ 


nce — no internal connection. 





oO 141 2 3 10 11 12 13 14 #15 
8.78 TEXAS INSTRUMENTS 
INCORPORATED 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


251 ae logic symbolt : pin assignments 


DATA SELECTORS/ 
MULTIPLEXERS 
(true and inverted three- 


state outputs) 


typical performance 


DELAY TIMES 
DATA TO }DATA TO TOTAL 
FROM 
NON-INV POWER 
ENABLE 
OUTPUT ; OUTPUT 


eT Ee 


SN54251 (J,FC) SN74251 (J,N) 
SN54LS251 (J,FC) SN74LS251 (J,N) 
SN54S251 (J,FC) SN74S251 (J,N,FN) 


7s [is oe fw [17 08 | 
je" GNB]V6_Veg|[ @ ne [18 ne | 
[9 G 


p19 D4 
J10_ GND] 20 Vee | 


uO CO A WHY =| CO ND 


2 5 3 logic symbolt pin assignments 


DUAL DATA SELECTORS/ | | [| _J,NPACKAGES || FC, FNPACKAGES | 
MULTIPLEXERS 0 p11G | 9 av fpiiG fat av 
a: 2B. | 10 2c0- | 2.83) .19 co 
(three-state outputs) ss | 3 ac3_ 111 2c1 |] 3 nc 
| Paice [12202 [J 4 1ca | 14 cr 
) 5 1C1 | 13 2c3_ |} 5 1c2_ | 15 2c2 
|6 ico | 14 A {{ 6 1c1 | 16 2c3 | 
typical performance | P72 1¥ [15 26 {7 ico} i7 A 
raeno [16 vec |] @ re | 18 ne | 
[sv [79 26 | 

10 GND 20 V 
type | PATATO] cao | TOTAL [}10 GND | 20 Vcc | 


NON-INV POWER 
ENABLE 
OUTPUT 


pisesa] vane | tem | Sem | 


N54LS253 (J,FC SN74LS253 (J,N 
: Bee SES) a See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8-79 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 





8-80 


257 


QUAD DATA SELECTORS/ 
MULTIPLEXERS 
(non-inverted three-state outputs) 


DELAY TIMES 


DATA TO 
FROM 
ENABLE 


NON-INV 
[Tisas7 [11s | tons | 6omw | 
[srs | tne | 


OUTPUT 
‘S257 320 mW 


TOTAL 
POWER 


TYPE 





SN74LS257 (J,N) 
SN74S257 (J,N,FN) 


SN54LS257 (J,FC) 
SN54S257 (J,FC) 


logic symbol, ‘LS257+t 





See TTL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection. 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


pin assignments 











| 4NPACKAGES || FC, FN PACKAGES _ 
tae | 9 sy [faire [11 ay | 
r2ta 10 38 |] 2 ae [12 38 
(3.18) [11 3a | 3 ne 
ra ay_[ 12 av_|p 44a 
rs 2a [13 a8 || 5 18 | 15 av 
[e25 [maa [few | 16a 


[Cray [16 6 |] 7 2a] 17 aa _] 
PsGND [16 vec || @ 28 [18 ne | 
) | ES 
[oven 20-Veo 





258 


QUAD DATA SELECTORS/ 
MULTIPLEXERS 
(inverted three-state outputs) 


typical performance 


DELAY TIMES 


DATA TO TOTAL 
TYPE FROM 
INV POWER 
ENABLE 
OUTPUT 


is258 | tine | tons | Om 
[ans [tans [280 mi 


SN54LS258 (J,FC) SN74LS258 (J,N) 
SN54S258 (J,FC) SN74S8258 (J,N,FN) 


logic symbol, ‘LS258tT 


PRODUCT GUIDE 


pin assignments 


[EN PACKAGES [| FG, FN PACKAGES | 
OL A | 

LO RC 
RL RO | 
Pay [az ay _[[ 4 ta [a aa 
0 

ps8 [is aif sty [16 48 
Pray fe [7 aa 7 aa 
[a eno [16 Veo [fs 28 [18 ne | 


[Pio SND [20 Vee 


259 ; Pin assignments 
[_SNPACKAGES ||_FC, FN PACKAGES | 
8-BIT ADDRESSABLE LATCHES 


eee | 
2 Eee | eee ee 
A | 


12 Q7 
[S00 [78 ve 


16 Q7 


Pa 32 _| 
perauay 
7a _[a7 0 
Ps as 


13 O 


Ea 
Pas Des] 
Lael 


| 
I 
l 
typical performance i LR || 
i 
[ 


C 
es TOTAL 
TYPE | CLEAR | OUTPUTS| DELAY 
POWER | 


9 03 R 


10 GND [ 20 Vcc 





SN54259 (J,FC) SN74259 (J,N) 
SN54LS259 (J,FC) SN74LS259 (J,N) 


See 7TL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8-81 


INCORPORATED 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


8-82 


PRODUCT GUIDE 


260 


DUAL 5-INPUT POSITIVE- 
NOR GATES 


POWER/ 
TYPE _ {DELAY 
GATE. 


SN54S260 (J,FC) 


261 


2-BIT BY 4-BIT PARALLEL 
BINARY MULTIPLIERS 


typical performance 


[iver JpoweR [rime*> 


SN54LS261 (J,FC) SN74LS261 (J,N) 


** 5-Bit Product Time 


265 


QUAD COMPLEMENTARY: | 
OUTPUT ELEMENTS 


typical performance 


 TvPE | POWER | 
[265 [125 mw] 


SN54265 (J) 


266 


QUAD 2-INPUT EXCLUSIVE- 
NOR GATES WITH OPEN- 
COLLECTOR OUTPUTS 


SN74265 (J,N) 


typical performance 


PrvPe [POWER | DELAY ] 
[us26e] 4omw | 180s 


SN54LS266 (J,FC) SN74LS266 (J,N) 


logic symbolt 
(1) 


SN74S8260 (J,N,FN) 


positive logic: Y=A G B=ABt AB 
See 77L Data Book 


t Pin numbers shown on logic symbols are for J and N packages only. 


nc — no internal connection. 


TEXAS INSTRUMENTS 


INCORPORATED 
.POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 





pin assignments 


positive logic: Y = ABCD 


pin assignments 


[ a. NPACKAGES || FC, FN PACKAGES | 
Pres] 3 ar |[+es [ua 
D2 se | io a0 || 264 | 1200 | 
psc [11 wo |[a ne [13 ne] 
ame _[ iz [fac fia mo_| 
Ps Ga [ia 60 |[sm2_| ism _| 
Pia 1 [6 os | 16 80 

7a [is e2 |i 703 [isi] 
Pe-GNO | 16 Veo |[ ene [18 ne] 
[ps2 [78 82 

[ie sno [20 Veo 


pin assignments 


pin assignments 


JNPAGKAGES [| FC, FN PACKAGES | 
ita] @ 3A _[[ tre [iT 3A_| 
218 | 9 98 ([2nc [izne 
3 1Y 10 3Y |] 3 1A | 13 3B 
aay [nay |[4 ie | 
5 2A 12 4A {} 5 1Y | 15 3Y 
pis a5 [[6 av [ie av 
[ta Veo [[-7 28 [47 re 
| 18 4A 
(Le Le 
[10 eno [20 Voc 


6 2B 
7 GND 








PRODUCT GUIDE 


210 | logic symbolt . pin assignments 
2048-BIT READ-ONLY ROM512X4 
MEMORIES 

(open-collector outputs, 

512 4-bit words) 


FC, FN PACKAGES 


se 
o 


Ww 


typical performance 


Pry 14 A 
ADDRESS | ENABLE |POWER/ AS 
TYPE 
TIME TIME BIT 


SN54$270 (J,FC) SN74S270 (J,N,FN) 


N 
ie) 
—t 


o 


A2 


—_ | at | — 

NLA 1 oO oO] o 
=] 3 
318/218] 3) 13]2 


om 


3 nc 
4 GND|28 Vcc 


—_ 


For more information contact factory 


27 pin assignments 
2048-BIT READ-ONLY 

MEMORIES 

(open-collector outputs, 

256 8-bit words) 


typical performance 


ADDRESS | ENABLE} POWER/ 
TYPE 
TIME TIME BIT 


Psat [ane | 158 [0.26 mi 


SN54S8271 (J,FC) SN74S271 (J,N,FN) 


For more information contact factory 


273 


OCTAL D-TYPE FLIP-FLOPS 
(common clock, single-rail outputs) 


typical performance 


POWER/|DATA 


TYPE 
FF 


t Rising edge of clock pulse 
SN54273 (J,FC) SN74273 (J,N) eee 
SN54LS273 (J,FC) SN74LS273 (J,N) See TTL Data Book 








T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





TEXAS INSTRUMENTS 8-83 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


214 logic symbolt | Pin assignments 


4-BIT BY 4-BIT BINARY 


|| FC, FN PACKAGES 
MULTIPLIERS 4 aan faa 2nt4 [1 azn [15 2nt4 
} 2 aantt{i2 2ntS |] 2 aanti}ig ants 
typical performance | 3 a2nt2|13 2nt6 || 3_A29+2117 nc 
ra aznstia 2n7 | 
| TYPE | POWER | TIME* ; Ps ean _|is ci [| 5 aanes 
| 


's274 [525 mw] s0ns_ re2" {16 G2 _| 


8 nc 


20 2Nn+6 
| Zinc 121 2n+7 
SN54S274 (J,FC) | Tg ont2 (1g B2nt2|| = 
SN74S274 (J,N,EN) lg 2nt3 |a9 pant3|l 9 2n 23 G2 
} 25 Bant 
12 29+2 126 ne 
| 27 Bant3 


14 Gnd _j28 Vcc_| 


* 8-Bit Product Time 


2715 Pin assignments 
[TEN FACRKAGES | 

7-BIT-SLICE WALLACE TREES AAI st C, FN = 
9 20 [fa an Jas 200 | 
typical performance 2 oe.) 40 se2nv tl | 2-2: (16 “cant 
_ ee a | a 
TYPE | POWER | | 1 Pa 20 [az ant? [a ne _| 
‘LS275 Ps c2n]i3 Gf 5 nc fig nc 
| 6 can 14 27 [6 nc | 20 201 
eae 5 a A | PE 
SN54LS275 (J,FC) | 8 GND|16 Vcc || 8 C2" | 22 : 

: 23 

SN54S275 (J,FC) a 


10 c2n }24 2n 


SN74LS275 (J,N) 7 (es ey ae 
SN74S275 (J,N,FN) 12 nc | 26 nc | 
| [is ne [27 ne 

[14 Gnof 28 vec _| 


TTL Data Book 


216 | logic symbol? - pin assignments 


QUAD J-K FLIP-FLOPS pre 1) | NPACKAGES | 
(separate clocks, edge-triggering, Pa CLR | 14 PRE 
common direct clear and preset) | : 
| 

typical performance 
} 5 1a jis 3a | 


oe POWER/| DATA TIMES 6207 |16 4a] 
F-F |SETUP| HOLD | 


+ Falling edge of clock pulse 10 GND {20 Vcc 


SN54276 (J) SN74276 (J,N) 


See 77L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. . 





8-84 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


218 


4-BIT CASCADABLE 
PRIORITY REGISTERS 


typical performance 


[iver [POWER [ DELAY | 


SN54278 (J) 


279 


QUAD S-R LATCHES 


typical performance 


Tver [owen [DELAY | 


SN54279 (J,FC) 
SN54LS279 (J,FC) 


280 


_9-BIT ODD/EVEN PARITY 
GENERATORS/CHECKERS 


typical performance 


[Tvee [POWER [ DELAY 


SN54LS280 (J,FC) 
SN54S280 (J,FC) 


SN74278 (J,N) 


SN74279 (J,N,FN) 
SN74LS279 (J,N) 


SN74LS280 (J,N) 
SN74S280 (J,N,FN) 


logic symbolt 


(4) HPRI REG 
STROBE 


/ 


See TTL Data Book 


logic symbolt 


—-ronmoogrpP 


See TTL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 


nc — no internal connection. 


PRODUCT GUIDE 


pin assignments 


[SNPAGKAGES | 
va po] 11 ne 
spr [1201 


pin assignments 


a-N PACKAGES [FC, FN PACKAGES | 
Pak [esa || tik 
P2481 |1o_3h I] 218i 
3 82 [11 at] 3 ve [13 me | 
Ca tai e824 183 [ia St _| 
Ds 2% fia 4a [510 [15 382 _| 
a2 fia am [9 2A [16 40 | 
D720 fis 8 [7 [i ak 
[8 GND |S Vedf 8 ne [18 ne | 

[a 20 | as 

[io cnolz0 Veo _ 


pin assignments 


[EN PACKAGES || FC, FN PACKAGES _ 
T1é [sa its [va 
[2H [oes fon [es] 
Pane foe lls re [13 ne 
Caaf ofa re [ne 
Ts seven[i2& |[sne [isc 
Ts soo [iar |fe1 [eo 
D7 Gnd [14 Vel] 7 SeveN|I7 © 

a 

[[s 000 [ra F | 

fo sno]20 Voc] 








TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-85 





8-86 


PRODUCT GUIDE 


2 $1 logic symbolt 


4-BIT PARALLEL BINARY aso —22 i pee 
ACCUMULATORS (19) (0...7).¢G ba 2) 


(18) 
(17) 


typical performance (10) 


SN54S281 (J,FC) 
SN74S281 (J,N,FN) 


37,20,26D 
24,22,26D 
v 24,21 
25,22,26D 
V7 25,21 
38,20,26D 
234 


283 


4-BIT BINARY FULL ADDERS 


typical performance 


CARRY | .ADD POWER/ 

TIME TIME BIT 
263_[10ns | ters | TomW 

TS203[ 10ne | 1508 _| 24 mW 


SN54283 (J,FC) SN74283 (J,N) 
SN54LS283 (J,FC) SN74LS283 (J,N) 


See T7L Data Book 
SN54S283 (J,FC) SN74S283 (J,N,FN) 


t Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 


SA Sa a ae EE EE a I I Ta EE aE EE TS TE EI I I I A ETE TIS OE, 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ®© DALLAS, TEXAS 75265 


Pin assignments 


J, NPACKAGES _ || FC, FN PACKAGES 
13 F3 
14 F2 


Pa rst 


} 
I 
| 2 a2 
15 F1_ |{ 3 RS1 
l f18 nc 
7M [5 ne | 19 FO 
18s? [fe RS0 [20M 
[7 Rc [21 ase 
Te Gy [20 Aso_| 
ToS [21 voll 9 aa [23 aso_| 
22 CLK [[10 Cn [24 RIL, 
p11 P23 Ao || 
24 veo | 

| 


typical performance 


[u.NPACKAGES |] FC, FNPACKAGES | 
Ea | 
Pae2 [io se [262 [12 =a 
rang [ 11 64 |] 3 ne [13 
Past [tz aa [4 aa [te o4 | 
PS AI 113 3 [} 5 st 15 Aa 
Peer pans [fear lie 3] 
Treo [15 63 || 7 81 
Pe Gnd [16 veg [fe nc [18 ne 

[2 co [i963 

[io sno [20 veo _| 





PRODUCT GUIDE 


2 84 logic symbolt pin assignments 


4-BIT BY 4-BIT PARALLEL | _4,NPACKAGES | 
BINARY MULTIPLIERS USED | 
ales 
@ MSB‘s for 4 X 4 multiplier 

(‘285 provides LSB‘s) 


e Use ‘S274, ‘LS$275, ‘S275 for new 


‘ wes 7: 1C 
designs/larger multipliers p 7 1c [15 20 | 

; 8 GND |16 Vcc 
typical performance 


Crver [power | Time 
[24 [460 mW | 40m | 


SN54284 (J) SN74284 (J,N) 


* 8-Bit Product Time 


28 5 pin assignments 


4-BIT BY 4-BIT PARALLEL ~ ded thats 
BINARY MULTIPLIERS USED 


10 Y2 
WITH ‘284 7A 1 -Y1 


e LSB‘s for 4 X 4 multiplier [410 [12 Yo | 
(‘284 provides MSB’s) . | 5 1A 113 GB 
© Use ‘S274, ‘LS275, ‘S275 for new | | 6 18 {14 GA | 


; 7 1C 
designs/larger multipliers 


8 GND [16 V 
typical performance fe a oe 


CTvPE [POWER 


SN54285 (J) SN74285 (J,N) 


See 77TL Data Book 


(This number has been changed to TBP14S10. Product Guide information for this TTL circuit can be 
found at the end of this section.) 


(This number has been changed to TBP18S030. Product Guide information for this TTL circuit can be 
found at the end of this section.) 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 


I a Le ee ee rl] 


TEXAS INSTRUMENTS 


INCORPORATED 


8-87 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


289 logic symbolt 


64-BIT RANDOM-ACCESS RAM 16 X 4 
MEMORIES 
(16 4-bit words, open- 


Pin assignments 


collector outputs) 


typical performance 


1 EN [READ] 
TYPE ADDRESS | ENABLE |POWER/ 1C2 [WRITE] 
TIME TIME BIT 
7 5208R] 60 ns | 96 rs] 27 mv] 
‘S289A] 25s | 12ns_| 5.9 mW | 


SN54LS289A (J,FC) SN74LS289A (J,N) 
SN54S289A (J, FC) SN74S289A (J,N,FN) 


290 pin assignments 
DECADE COUNTERS | J,NPACKAGES — | 


(divide-by-two and divide- 


FC, FN PACKAGES 


2 nc 


| 1 R9(1) | 
; 
by-five) 
| 3 ROT 
typical performance 


[5 as [ i not 
| 
| 


12 QA 
13 nc 
14 nc 
15 CKA 
16 CKB 
17 RO(1) 


3 nc 
4 nc 


6 ac 
7 QB 


a 
_ 
So Lee] 
3 
a 


a) 
2 
o 
N 
=) 
< 


‘e) 
oO 


SN54290 (J,FC) SN74290 (J,N) 
SN54LS290 (J,FC) SN74LS290 (J,N) 


2 9 2 pin assignments 
PROGRAMMABLE FREQUENCY = | | J,NPACKAGES | 


DIVIDERS/DIGITAL TIMERS | p1B [en | 
(digitally programmable from 
22 to 231) 
or 
typical performance 
P 
| TYPE |POWER | fmax ss 


SN54LS292 (J) SN74LS292 (J,N) 





See 77TL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only, 
ne -— nointernal connection. 





8.88 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


293 


4-BIT BINARY COUNTERS 
(divide-by-two and divide- 
by-eight) 


typical performance 


ree eee |*=*" once 
TYPE CLEAR 
FREQ POWER 


SN54293 (J,FC) SN74293 (J,N) 
SN54LS293 (J,FC) SN74LS293 (J,N) 


294 


PROGRAMMABLE FREQUENCY 
DIVIDERS/DIGITAL TIMERS 
(digitally programmable from 

22 to 215) 

typical performance 


[ive [Power | finax 


SN54LS294 (J) “SN74LS294 (J,N) 


295 


4-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT 
REGISTERS 


typical performance 


SHIFT 
FREQ 


TYPE 


‘LS295B | 30 MHz 


SN54LS295B (J,FC) 


SN74LS295B (J,N) 


logic symbolt 


See TTL Data Book 


logic symbolt 


SRG4 


M1 [LOAD] 
M2 [SHIFT] 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection, 


PRODUCT GUIDE 


pin assignments 


| J,NPACKAGES _ |] FC, FN PACKAGES 

Tine [ean |fine 

Pane fa Ga [2 ne [12 OA 

Pane [10 CKA [3 ne 119 nc 

p4ac {it cke [fa nc [14 ne 

12 ROW] 5 ac |15 CKA 

Ps ne [13 Rov] 6 aC [16 cKs 

[76nd [r4 vee |[7 as [17 Rom 
aa ca 
[sre [ia Roe, 
[fe SND [20 Veo | 


pin assignments 


[TEN PACKAGES _] 
Tre [one | 





pin assignments 


J, N PACKAGES FC, FN PACKAGES 


fe L6RAlrs aa [ec [16 oc 
[7eno [74 Veal] 78 [17 oa 


[2 LomAl 19 oA 
fio ano [20 Voc] 


NS ea 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-89 





8-90 


PRODUCT GUIDE 


297 


DIGITAL PHASE-LOCKED- 
LOOP FILTERS 

(cascadable for higher- 

order loops) 


typical performance 


TYPE (FROM 


simplified block diagramt 
MODULO CONTROLS 


K-COUNTER 


K-COUNTER 
ENABLE 


YocLK) 


SN54LS297 (J) SN74LS297 (J,N) 


298 


QUAD 2-INPUT MULTIPLEXERS 
WITH STORAGE 


typical performance 


TYPE |POWER |DELAY* 
‘298 |195mW| 20ns 


‘LS298 20 ns 


* From clock to non-inverted output 


SN54298 (J,FC) SN74298 (J,N) 
SN54LS298 (J,FC) SN74LS298 (J,N) 


Tt Pin numbers shown on logic symbols are for J 
ne — no internal connection, 


See 7TL Data Book 


and N packages only, 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


pin assignments 


J, NPACKAGES 


Ts VOcLK [13 9A? | 
rs ou fwo | 


DETECTOR OUTPUT 


(32) EDGE-CONTROLLED PHASE 
DETECTOR OUTPUT 


pin assignments 


[a_NPACKAGES [[Fc, FNPACKAGES | 
riz feats [ua | 
P22 fro ws [2 az [2 ws | 
Psat frei] 3 re |13 ve | 
[ear [a ck 

15 0D 


Pa et fiz 00 | 
[so [is ac [fs 51 
602 fia as ff cz fie cc _ 
C701 is aa [7 02 [17 8 _| 
[GND FF Vee] @ ne [ve ne 
ee (AL 
[re GN5 [20 Veo _| 








2 g G logic symbolt 


8-BIT BIDIRECTIONAL 
UNIVERSAL SHIFT/STORAGE 
typical performance 


REGISTERS 
(three-state outputs) 
SHIFT ASYNC | TOTAL 
TYPE 
FREQ CLEAR |POWER 
'LS299 | 35MHz| D | LOW [175 mW 
‘$299 |50MHz| D | LOW [750 mw 


SNS54LS299 (J,FC) SN74LS299 (J,N) 
SN54S299 (J,FC) SN74S299 (J,N,FN) 


301 


256-BIT RANDOM-ACCESS RAM 256 X 1 
MEMORIES 
(256 1-bit words, open- 


collector output) 


typical performance 


ADDRESS | ENABLE | POWER/ 
TYPE 
TIME TIME BIT 


SN74S301 (J,N) 


1 EN [READ] 
1 C2 [WRITE] 


See Page 2-53 


PRODUCT GUIDE 


Pin assignments 


[s.N PACKAGES [| FC, FNPACKAGES | 


| iso _fiise [fi so [tse | 


[361 fra cr |p 2 Gt fa cre | 
D3 G2_|13 8/aal[ 3 G2_[19 B/0B| 
[4 Gras] 14 brag] 4 G7aG| 14 0/ab] 
Vs e/de [is F/aF]| 5 e/Ge| 15 F/OF 
Ps crac |76 HIGH] 6 c/a] 16 W/GR| 
C7 Araalt7 Gur [| 7 AfGal 17 On| 
Ce on fie s_[[ @ Ow [te su] 
Co Gta [19st | 9 GLA [19 st_| 
[10 GNb [20 Vee [10 GND] 20 Vee | 


pin assignments 








T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8.91 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-92 


PRODUCT GUIDE 


319 


64-BIT RANDOM ACCESS | 


logic symbolt pin assignments 


RAM 16 X 4 


J,N PACKAGES FC, FN PACKAGES 


MEMORIES 
(16-four bit words, open- 
collector outputs) 


typical performance 


ADDRESS | ENABLE | POWER/ 
TYPE 
TIME TIME BIT 


SN54LS319A (J,FC) 


1 EN [READ] 
1C2 [WRITE] 


SN74LS319A (J,N) 


See Page 2-45 


logic symbolt 


320 


CRYSTAL-CONTROLLED 
OSCILLATORS 


typical performance 


SN54L$320 (J,FC) SN74LS320 (J,N) 


321 


CRYSTAL-CONTROLLED 
OSCILLATORS 

(with F/2 and F/4 count-down 
outputs) 


typical performance 


aver [ rnea | Power 


SN54LS321 (J,FC) SN74LS321 (J,N) 


See 77L Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 


{13 ne 
RW | 14 04 | 
}15 D4 


[iene | 


11 AO | 11 A 
[2 5 | 2s 
| 
|4_o1 | 12 04 | 
[5 ai | | 
[6 02 [14 az | 
| 
[8 GND] 16 Vcc | 
a 
| 


pin assignments 


[—a-NPACKAGES [| Fe, FNPACKAGES | 
CeTANKT | 9 -F|[4 TaNRI] 1 FJ 
Pa TANK2 [10_F|[2 TANK2[12_F 
[3anot_[11 Veo |[3_enot [13 veo | 
cafra [ia F [a Fra [14 ne —] 
anes Feo ie F 
P6 nc {14 XTALIITS nc [16 nc 
Cae] 16 -xTAt2|| 7 ¢ _[417_xTALT | 
Pe ano2 ]16 vec [fence |1ene | 
[2 ne [19x AL 
[fron [20 Vee 


pin assignments 


[CN PACKAGES |] Fo, FNPACKAGES _ 
Crtanei[ 9 F [[a tanki[n Fr _ 
[2 TaNK2|i0 F || 2 TANK2|i2 FP _ 
raenot [tt Veo" |S oni [13 Veo} 
(arra [i2F [4 rra [tare 
rsFro [rare fs rro [wr 
[6 F/4 [14 xTAti[|6 F/4 [16 F/2 | 
Tr |v8 xtatal| 7 F [17 xTaLt 
Pe Gnoz [16 Voc [fe nc [tare 
cal 


19 XTAL2 








TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


322 


8-BIT SHIFT REGISTERS WITH 
SIGN EXTEND 

(three-state outputs, 

multiplexed 1/O) 


typical performance 


SHIFT 
FREQ 


ASYNC 


TYPE POWER 
CLEAR 


'LS322A 135 MHz | D | Low | 175 mW 


SN54LS322A (J,FC) SN74LS322A (J,N) 


323 


8-BIT BIDIRECTIONAL 
SHIFT/STORAGE REGISTERS 
(three-state outputs) 


typical performance 


rises [ssune| 0 [SRW 


SN54LS323 (J,FC) SN74LS323 (J,N) 


logic symbolt 


3M1 [SHIFT] 
3M2 [PAR LOAD] 


4,5, 1, 6D 
4,5, 1, 6D 
2,6D 


See 7TL Data Book 


PRODUCT GUIDE 


pin assignments 


TIN PACKAGES |[Fo, FN PACKAGES | 
rc fick |i1 6 [nox] 
Pasi fiz an |2 sf on 
P3013 wiGal[ 3 bo [13 -H/OH 
Pa ascal14 F/OF || 4 a/Ga|ta F/OF 
Ps ciachis o/an|| s cac [15 0/00) 
Pe e/ae] 16 8/08|] 6 c/ac |i 6/08, 
Peachy 1 (7 e/aG}17 01 
rece [is se le or fie se 
rs th |19 os || 9 ccm [19 os — 
fia Gwo [20 veg [fio eno |20 vec | 


OH’ See TTL Data Book 


pin assignments 


[a NpAckaGes [| Fo, FN PACKAGES | 
rivso [sk |i so [11 sa 
Pra otk [2 Gr | a2 cur | 
ria e/a [3 G2 | 13 8708, 
ri4_p/an || 4 cae | 14 0/00] 
ris FOF || 8 €/Ge | 15 F/O | 
rie wan || 6 crac | 16 H/aK| 
ry on [7 Alea | 17 On 
reste Oa | 18 su _] 
9 cca [ 19st || 9 CLR | 19 st 
fioGno | 20 Voge | 10 GNO | 20 Voc | 








T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 





TEXAS INSTRUMENTS $.93 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


340 logic symbolt 


OCTAL BUFFERS/ 
LINE DRIVERS 
(three-state inverted outputs) 


‘@ =300 mV guaranteed hysteresis 


typical performance 


TYPE | DELAY | SOURCE 
CURRENT| CURRENT 


SN54S340 (J,FC) SN74S340 (J,N,FN) 


341 


OCTAL BUFFERS/ 
LINE DRIVERS 


(three-state non-inverted outputs) 
@ 300 mV guaranteed hysteresis 
typical performance 


TYPE | DELAY | SOURCE 
CURRENT| CURRENT 


SN54S341 (J,FC) SN74S341 (J,N,FN) 


344 


OCTAL BUFFERS/ 
LINE DRIVERS 


(three-state non-inverted outputs) 
@ 300 mV guaranteed hysteresis 
typical performance 


TYPE | DELAY | SOURCE 
CURRENT| CURRENT 


SN54S344 (J,FC) SN74S344 (J,N,FN) 


See TTL Data Book 


pin assignments 


Ta NPAGKAGES [| Fc, FN PACKAGES | 
ie [zat] 116 [1s 2at_| 
Patai [12 tva[ 2 tat [16 nc | 
Pa aya [13 202 || ane [17 ne | 
a 1az [ia tva|f 4 ne [te ne 
Vs ava [15 20a] 5 2v4 io 1va_| 
Pe-1A3 [16 tva || 6 1a2 [20 202 | 
Dr ava [17 24 || 7 2ve [21 1v3_| 
Pa tas [re 1¥i |] @ 10s [22 203 _| 
Paavi [re 26 [9 ave [23 12 
[0 No [20 Vcel|t0 18 [24 20a] 
[tne a5 v1 — 

[12 2¥1 [26 nc 
[tne far 26 

[4 cnb [28 Veo _ 


pin assignments 


TN PACKAGES [| Fo, FN PACKAGES | 

p.11G {11 2Ati} 1 1G [15 2A1 

Pata fia wal 2 i 

| 3 2¥4 |13 2A2 | 

| 4 1A2 }44 1Y3 || 

| 5 2¥3 {15 2A3 | 19 1Y4 

| 6 1A3 [16 1¥2|| 6 1A2 {20 202 

Ciava [ir ana || 7 avs [an vs 
| 
| 
| 
| 
{ 


nla 
> lol 
_—s 


7 nec 


5 2Y4 


| 8 1A4 {18 1¥1 j{ 8 1A3 [22 2A3 
9 2¥1 {19 2G {{ 9 2¥2 {23 1Y2 
110 GND|20 Vcc][10 1A4 |24 2A4 


25 1Y1 
26 ne 
27 2G 


[14 SND |28 vec _| 


2 2Y1 


115 201 | 
6 nc 
1B nc 
20 202 | 
24 2A4 
25 tv | 
26 nc 
27 2G 


| 8 1A3 | 
| 9 2Y2 | 
V4_ne_| 
13 no | 


pin assignments 


TUN PACKAGES |[Fc, FN PACKAGES 
r11@ [11 2ar la 16 [15 201 
2 tai [2 ta 2 tai [16 ne | 
Pane [17 ne] 
a taz [14 tv3 [4 ne [18 ne | 


@ 143 
Pe2vi [is 76 | 
fo 1A4 [24 200 

tne [25 1¥1 


ab 


SS ES a A A A A eS 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





8-94 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


34] logic symbolt 
BCD-TO-SEVEN-SEGMENT 


DECODERS/DRIVERS 
(open-collector outputs, low-voltage 


version of ‘LS47) 
typical performance 


BIN/7-SEG [> 
tal [T 1] 
BI/RBO 
RBI 
— (3) 
OUTPUT | OFF-STATE LT 


OUTPUT. 
CURRENT; VOLTAGE 


SN54LS347 


SN74LS347 


SN54LS347 (J) SN74LS347 (J,N) 


348 


8-LINE TO 3-LINE 
PRIORITY ENCODERS (10) 
(with three-state outputs), 


typical performance 


[vee [DeLay] Powe 
rissa | t6s | 6m 


SN54LS348 (J,FC) SN74LS348 (J,N) 


See 7TL Data Book 





T Pin numbers shown on logic symbols 
are for J and N packages only. 
ne — no internal connection. 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


pin assignments 


jis [oe | 
p2c ld 
Pair [ie 


4 Bll 
REO 
| 6 RBI [13 a 
ae ae 


ee Le 





FONT TABLE T1 — NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS USING ‘LS347 


rLeSYSe EGS 


a = 


12 13 14 15 


8-95 


8-96 


PRODUCT GUIDE 


351 


DUAL 8-LINE TO 1-LINE DATA 
SELECTORS/MULTIPLEXERS 
(three-state outputs; four 
‘common data inputs) 


typical performance 


DELAY TIMES 
| DATA TOT 
TYPE FROM ay 
TOINV POWER 
| ENABLE 
OUTPUT 


past | tons [tne [220 mW) 


SN54351 (J) 


352 


DUAL 4-LINE TO 1-LINE DATA 
SELECTORS/MULTIPLEXERS 
(inverting version of ‘LS153) 


typical performance 


DELAY TIMES 
DATA TOTAL 
FROM 
TO INV POWER 
ENABLE 
OUTPUT 


risasal_ tm [am | Siw 


SN54LS352 (J,FC) 


SN74351 (J.N) 


SN74LS352 (J,N) 


logic symbolt 


See T7L Data Book 


+ Pin numbers shown on logic symbols are for J and N packages only. 


nec — no internal connection, | 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


pin assignments 


J, NPACKAGES | 


11 D7? 


= 
ies) 


ul 
O 
© ala 
nN 
m4 a 


T7101 [7 201 
Fs 102 |1@ 200 
T3103 [1 


10 GND]20 Vcc 


pin assignments 


TN PACKAGES [[FC, FN PACKAGES| 
Peis [oa [vie [a 
P28 |i 200 ][25 | 
pane [13 ne 
GND 


1 
4 


| 

aoe [stor fe 2 | 

Pe reo [ia A |] 6 ter [16 7083 

a A | 

[S-GNB]I Voe|| ®ve [1 ne | 
[ev [18 28 
| 








353 logic symbolt 


DUAL 4-LINE TO 1-LINE DATA 
SELECTORS/MULTIPLEXERS 
(three-state outputs, inverting 
version of ‘LS253 


typical performance 


DELAY TIMES 


DATA TOTAL 
FROM 
TO INV POWER 
ENABLE 
OUTPUT 


SN54LS353 (J,FC) SN74LS353 (J,N) 


354 


8-LINE TO 1-LINE DATA 
SELECTORS/MULTIPLEXERS/ 
TRANSPARENT REGISTERS 
(three-state outputs) 


typical performance 


DELAY TIMES 


DATA TO FROM 

TYPE | TOINV | NON-INV 
ENABLE 

OUTPUT ; OUTPUT 


SN54LS354 (J,FC) SN74LS354 (J,N) 


See TTL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 


PRODUCT GUIDE 


pin assignments 


a, N PACKAGES _[[FC, FN PACKAGES] 
Pave [92 [tie [uv 
pee |t0 2c [oe [12 300 
Pa rea [tact ffs ne [13 ne | 
[4 162 [12 2c2|[-4 103 [14 207 | 
Ps 161 [1a 203 |[ 162 [15 202 _| 
ra tco fale rer [16 203 | 
Pray [is 26 [7 ico [7 a 
Ps Gno|16 Vec|| 8 ne [18 ne _| 

[save 28 

[ko GND ]20-Veo 


pin assignments 


[aN PACKAGES [[FC, FN PACKAGES 
Prov [nse ffi o7 [in sc 

2 06 [12 82 [206 [12 s2_| 
Pas [ia st [fs os fs st_| 
ee 
Ps os [str [fs 03 [is Gt 
pe o7 ]te tz |e 02 fe G2 
Pret [7 es 7 or |i os 
A | 
Paoe fiey fe oe [oy 
[10 GND |20Veg]|#0_GNO 20 Ves 











TEXAS INSTRUMENTS 


INCORPORATED 


8-97 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


3 5 4) logic symbolt pin assignments 


8-LINE TO 1-LINE DATA | J, N PACKAGES |[FC, FN PACKAGES| 
SELECTORS/MULTIPLEXERS/ Se 
TRANSPARENT REGISTERS N Ae 
(open-collector outputs) 


= Sees ear 
5 D3 |15 G1 5 D3 15 G1 
typical performance | 5 D3 |15 GI | | 5 03 [15.G1 | 
p16 G27} 6 b2 | 


A A 


DATA | DATA TO FROM 18 W j[ 8 DO | 


ew 
TOINV | NONANV | oe DC Bee ae ae 
OUTPUT| OUTPUT | pao: GND [22 6G 12: OND [20 Nee 


SN54LS355 (J,FC) SN74LS355 (J,N) 


3 5 6 | . : pin assignments 


8-LINE TO 1-LINE DATA FC, FN PACKAGE 
SELECTORS/MULTIPLEXERS/ 
EDGE-TRIGGERED 
REGISTERS 

(three-state output) 


Ce) 


typical performance 


7 D1 
DELAY TIMES 8 D 


DATA | DATA TO 9 CLK 
FROM 
TO INV | NON-INV 
. {ENABLE 
OUTPUT| OUTPUT 


[2ins | 2650 | sre | 


SN54LS356 (J,FC) SN74LS356 (J,N) 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nce — no internal connection, 





8-98 TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


357 


8-LINE TO 1-LINE DATA 
SELECTORS/MULTIPLEXERS/ 
EDGE-TRIGGERED 
REGISTERS 


q) 
2 ga 


oO 


(open-collector outputs) 


g 


typical performance 


DELAY TIMES 


DATA | DATA TO 
TO INV | NON-INV 
OUTPUT] OUTPUT 


FROM 


ENABLE 





‘SN54LS357 (J,FC) SN74LS357 (J,N) 


365 


HEX BUS DRIVERS 
(non-inverted three-state out- 
puts, gated enable inputs) 
typical performance 


TYPE DELAY | SOURCE 
CURRENT | CURRENT 


SN54365A 


SN54365A (J,FC) SN74365A (J,N) 
SN54LS365A (J,FC) SN74LS365A (J,N) 


366 


HEX BUS DRIVERS 




























logic symbolt 





See TTL Data Book 





logic symbolt 
(1) 





PRODUCT GUIDE 





pin assignments 


a, NPACKAGES [[FC, FN PACKAGES 
rr o7 [un 8¢ I] 107 [1 sc 
P26 [12 s2 [| 206 fiz sz 
Pas [ia s1_|[ 3 05 [ra st 


re 02 16 G2 || 6 oz [16 G2 
Por fi7 G3 [7 01 [7 
Paco |tew || 6 00 [ew _| 
ra-cukhie ys euk ia ¥ 


io Gno}20 vea||10 eno] 20" Veo 














pin assignments 


CaN PACKAGES _|[FG, FN PACKAGES 
Gi [9 va iit cfm va 
2 At [10 Aa [2 nc [12 Aa 
avr [11 v5 [[3 ne [13 re] 
r2as_|[4 At [14 ne 
rs_v2 [13 ve [6 v1 [16 v5 _ 
rs Aa [14 AG | 6 AZ [16 AS 
rvs [15 G2_|[7_v2_[17_ve 
fs Gno| 16 voc || 8 as [18 Ab 
9 Y3_ [19 G2 
fio eno 20 Ver | 


pin assignments 


a, N PACKAGES _[[FC, FN PACKAGES _ 











(inverted three-state outputs, G2 
gated enable inputs) Al Y1 
typical performance A2 ve 
A3 Y3 
Aa ¥4 
TYPE DELAY | SOURCE A5 ¥5 
CURRENT | CURRENT A6 Y6 
SN54366A_| tins | -2ma [| 32mA__ 
SNS4LS366A [9.5 ns | —1mA | 12mA 
SN54366A (J,FC) SN74366A (J,N) 
SN54LS366A (J,FC) SN74LS366A (J,N) 
T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 
TEXAS INSTRUMENTS 8-99 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


3 67 logic symbolt ; pin assignments 


HEX BUS DRIVERS 
(non-inverted three-state outputs organized 
to facilitate handling of 4-bit data) 


FC, FN PACKAGES 
1 1¥4 
12_1A4 
5 


[12 1A4 | 
[3 ne 113 ne | 
[4 1At [14 no | 
7 


re 1ag [18 202 


1 
3 1Y1 
typical performance 


5 12 
TYPE | DELAY | SOURCE = 
CURRENT | CURRENT 


SNEAIETA re iva [19-7 
SN74367A 0 eno] 20 Veo 
SNSALSGG7A | 95ns | —-1mA | 12mA_| | 
SN7ALSG67A | O5ns | —26mA | 24mA | 


SN54367A (J,FC) SN74367A (J,N) 
SN54LS367A (J,FC) SN74LS367A (J,N) See TTL Data Book 


—h 


3 68 logic symbolt pin assignments 


HEX BUS DRIVERS | J,NPACKAGES |/Fc, FN PACKAGES 


(inverted three-state outputs organized 1 1G a1. AYA 

to facilitate handling of 4-bit data) 241A }2 nc | 12 1A4 | 
3 1¥1 ]41 21 

typical performance 4 1A2 


| 
| 
| 
| Al 
5_1v2 [73 2v2 || 5 1¥7 | 
6143 [14 2A2 || 6 1A2| 16 2A1 
CURRENT | CURRENT 8 GND|16 Vcc|| 8 1A3| 18 2A2 | 
| 
| 


TSNeas6gA [tine | 2m | 32mA 
mire 


fsw7aisa6ea | 9.6ne | -26mA | 24ma 


SN54368A (J,FC) SN74368A (J,N) 
SN54LS368A (J,FC) SN74LS368A (J,N) See TTL Data Book 


3/0 logic symbol? pin assignments 


2048-BIT READ-ONLY . ROM 512 X 4 3, NPACKAGES _ 
MEMORIES | cae _[ ot 
(512 4-bit words; three- 


state outputs) -vT 
. ra as_[12 01 | 
typical performance 


[11 Q2 | 

—. 

ae ADDRESS | ENABLE} POWER/ 

: TIME TIME BIT 
[S370 [450s [180s [0.26 mi 


SN54S370 (J, FC) SN74S370 (J,N,FN) 


C, FN PACKAGES 


—_ 


1 A2 


—_ 


For more information contact the factory. 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 





8-100 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


371 logic symbolt pin assignments 


SRE PLEAD OWEN: ROM 256 x8 [SN PACKAGES |[FC, FNPACKAGES | 
MEMORIES | | P17 AO./11 Q5 jf 1 AO [15 G5 | 
(256 8-bit words; three- ) | | 2 Ai [12 Q6 [| 2 a1 [16 G6 | 
state outputs) | 3 az [13 a7 [| 3 a2 [17 nc | 
3 | 14 AZ {14 08 |] 4 nc [18 Q7 | 

typical performance 5 Aa [15 31 ||'5 a3 | 19 08 
6 a1 [16 52 || 6 Aa | 20 ne | 


Type | ADDRESS | ENABLE POWER/ -: 7. Q2 /17 AS |[ 7 nc | 21 51 - | 
TIME TIME | BIT 3 |8 03 |18 AG || 8 nc [22 S2__ | 

[sami | a5ns [18s [0.26 mw a. > eee 
fro GND] 20 vecl|to az [24 ne 

SN54S371 (J,FC) SN74S371 (J,N,FN)  |lit ne | 25 AG 


[1203 | 26 A7 


For more information contact the factory. [14 GND] 28 Vcc 
373 pin assignments 


OCTAL D-TYPE LATCHES aN PACKAGES [[FC, FN PACKAGES, 
(threestate outputs, common ENABLE C roc [11 enol 1 oc [11 enc | 


output contro!, common enable) 1D 


typical performance 2D 
eae ‘3D 
TOTAL 4D 


POWER | | SD 


6 reap [18 eo |e 40 [18 a0_| 


7D [9 40 [19 8a [[ 9 40 [19 8a_ | 
10 GND] 20 V 10 GND] 20 V 
SN54L$373 (J,FC) SN74LS373 (J,N) Ae 10 _GNO| 20 Vee ]]#0 GND] 20 Vee 


SN54S373 (J,FC) SN74S373 (J,N.FN) 


logic symbol, 'S373T 
oc Urs 





See TTL Data Book 





T Pin numbers shown on togic symbols are for J and N packages only. 
ne — no internat connection, 





TEXAS INSTRUMENTS 8.101 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


374 logic symbol, ‘LS374t 
OCTAL D-TYPE FLIP-FLOPS 
(three-state outputs, common 


output control, common clock) 


typical performance 


“TPOWER I DATA TIMES 


PER | SET- cf 
HOLD 
| FF UP 
15374 
'S374 100 MHz | 56 mW | Snst| 2nst | 


t Rising edge of clock pulse 


SN54LS374 (J,FC) SN74LS374 (J,N) 
SN54S374 (J,FC) SN74S374 (J,N,FN) 


375 


4-BIT BISTABLE LATCHES 


typical performance 


TOTAL 
OUTPUTS | DELAY 

POWER 
[ame [Fans | s2mw 


SN54LS375 (J,FC) SN74LS375 (J,N) 


See TTL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 


pin assignments 


Ta, N PACKAGES [[FC, FN PACKAGES, 
Pr oe Jat eux] 1 Oc [1 CuK 
P21a [12 sa 21a fiz 60 
310 [13 80 || 310 [13 80 _| 
pean: ren faze re 


[s20 [is 6a [520 15 60 
[es 1670 [6 30 [16 70__ 
C730_[17 70 || 7 a0_[17 70 _ 
240 [18 80 lle 4D [18 6D 
hig ea_|[ 9 4a [19 80 

| 


10 GND| 20 Vcc||10 GND] 20 Vcc 


See TTL Data Book 


pin assignments 


TSN PACKAGES [[FC, FN PACKAGES 


p14 1D 
[210 | 
[3 ne 
pate | 


5 1C, 
[6 20 








8-102 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


3/6 | logic symbol 


QUAD J-K FLIP-FLOPS 


(common clock, common clear) 


typical performance 


POWER.| DATA TIMES 
PER | SET- | 
HOLD 
F-F UP 
20 ni 


+ Rising edge of clock pulse 
SN54376 (J) SN74376 (J,N) 


37] 


OCTAL D-TYPE FLIP-FLOPS 
(single-rail outputs, common 
enable, common clock) 


typical performance 


POWER | DATA TIMES 
PER | SET- 
HOLD 
-F UP 


t Rising edge of clock pulse 
SN54LS377 (J,FC) SN74LS377 (J,N) 


378 


HEX D-TYPE FLIP-FLOPS 
(single-rail outputs, common 


enable, common clock) 


typical performance 


POWER | DATA TIMES 
PER SET- 
HOLD 
F-F UP 
[a0 wie [70.6 mi 


t Rising edge of clock pulse 
SN54LS378 (J,FC) SN74LS378 (J,N) 


See TTL Data Book 





PRODUCT GUIDE 


pin assignments 


| J, NPACKAGES _ 
[2.13 |10 3) 
rata [12 30 


pin assignments 


J, N PACKAGES 


|| FC, FN PACKAGES 
1G |i_cex[} 1 6 [11 cuk | 
2 10 ]} 2 1a |12 5a 
310 [i350 [| 3 10 [13 50 _| 
42 | 4 20 [14 6D__ | 
5 20 [20 [15 6o_| 
6 30_[te 70 |] 6 sa [16 70_| 
[7 30 [i770 || 7 30_|¥7 70 _ 
fe 40 [ie ao |[s 4D [18 a0_| 
|9 4a [19 8a || 9 4a_|i9 8a 


fe ewo|20_Vea|lt0 en [20 Ves 


pin assignments 


a, NPACKAGES [[FC, FN PACKAGES 
re Po ck1e [nck | 
[21a [04a |[2 10 [1240 | 
rs 10 [a1 4b [3 1D [13 ne 
ra 20 [12 60 | 4 ve [14 40 
r520 [13 60 || 5 20 [15 sa 
re a0 [1a 60 |[ 6 20 [16 50 
P7 sa |1s 60 {730 [17 60 _| 
Pe cnD [16 Vogl] 8 no [18 ne 

Le so [19 6a] 


[io no [20 veo 





t Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





TEXAS INSTRUMENTS 8-103 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


379 logic symbolt pin assignments 
QUAD D-TYPE FLIP-FLOPS | (1) 
(double-rail outputs, common 


enable, common clock) 


typical performance 


POWER | DATA TIMES 


PER SET- 
HOLD 
F-F uP 
10.6 mi 


t Rising edge of clock pulse 
SN54LS379 (J,FC) SN74LS379 (J,N) 


381 


ARITHMETIC LOGIC UNITS/ | | J, N PACKAGES |} FC, FN PACKAGES 


Tpare fa at are | 


3 


1A 
12 F 
seid ie 
5 Ch 


FUNCTION GENERATORS 
(8 binary functions, use ‘S182 for 


| 
[281 [2 
[240 [36 
okra (1/2/3) co ae ips s0 [ur 
typical performance : . 115 Ch jf 5 so [15 Cy, | 
6 83 [le st |te 63 
sey le Cac ERS Ca 
0 118 B2 | B2 | 8 FO | FO 118 B2 | B2 
| ts3ei | 16ns_| 21 ns | 175 mW_| fig a2 [fort fio a2 
[s36t_[ ts _| 20s [ 825 mW 70” Gno | 20” Veg 10_ GND 


SN54LS381 (J, FC) SN74LS381 (J,N) 
SN54S381 (J,FC) SN74S381 (J,N,FN) 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
Nc — no internal connection. 





8-104 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


3 8 2 logic symbol? pin assignments 


FC, FN PACKAGES 


AL_[i Fo 
a1 [2 Fa 


ARITHMETIC LOGIC UNITS/ J,N PACKAGES || 
FUNCTION GENERATORS 4 
(ripple carry and overflow outputs) hoot a 
typical performance | 4 80 [14 Chia [| 4 Bo 
fs so [75 Cy [| 5 s0 
We |e ee ee ré si [16 63 | 
Time | TIME | POWER ap 2 
‘LS382 | 27 ns 175 mW | 8 FO [18 B2 | Fo {18 B2 | 
_'Ls382| 27 ns _| [175 mv _| | 9 F1 [19 A2 {| 9 F1 [19 A2 | 
SN54LS382 (J,FC) SN74LS382 (J,N) }10 GND| 20 Vcc} 10 GND| 20 Vcc | 


384 


3 Y 1- ‘S. 
COMPLEMENT FC, FN PACKAGES 


J,NP 
MULTIPLIERS cr feck [9 mooel| + CCR 


Magnitude-only multiplication 
Cascadable for any number of bits 
Serial multiplier data input 
Serial data output for multiplication 
product 
@ §8-Bit parallel multiplicand data input 
@ 40 MHz typical max clock frequency 
typical performance 


MAX DELAY 
CLOCK | FROM | FROM 
FREQ | CLOCK | CLEAR 


SN54LS384 (J,FC) SN74LS384 (J,N) 


TOTAL 
POWER 





See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





TEXAS INSTRUMENTS 8-105 


INCORPORATED 


POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


385 


QUADRUPLE SERIAL ADDERS/ 
SUBTRACTORS 


e Buffered clock, direct clear inputs 
e@ Independent two’s-complement 
addition/subtraction 


typical performance 


[frax [DELAY [POWER | 
[ao wre [76 ns_ [240 mw 


SN54LS385 (J,FC) SN74LS385 (J,N) 


386 


QUAD 2-INPUT 
EXCLUSIVE-OR 
GATES 


typical performance 


TYPE | DELAY 


SN54LS386 (J,FC) SN74LS386 (J,N) 


387 


logic symbolt 


positive logic: Y=A G@ B=AB+ AB 
See TTL Data Book 


found at the end of this section.) 


T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection. 


nF ee ne ee 


8-106 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


pin assignments 


[aN PACKAGES || FC, FN PACKAGES | 
TUK] CcAll + GLK] CCA] 
Piz [izes | 21 [ose | 
315/13 3s/Al_3 1s/A[13 35K _] 


1 
1 a 
428 [ee [ra oa 
53a |[ 51a [15 3a 
[Ls 2a_[16 4a] 
B as/A|18 4s/A] 8 2s/|t8 «s/n 
gan fio as [| o2s fio an 
70 GND]20 Veel] 10 GND|20 Veo _ 


5 1A. 
6 2A 


pin assignments 


| J, N PACKAGES | FC, FN PACKAGES 
36 [2 re [2 | 
Ps [io sv | 3 1A 
pa [it ay [4 te [14 ne 
[5 2A [12 4A | 
P68 28 [13 45 | 
14 Voc 17 ne 
oe 


(This number has been changed to TBP14SA10. Product Guide information for this PROM can be 





390 


DUAL DECADE COUNTERS 
(bi-quinary or bcd sequences} 


typical performance 


—_ [COUNT TOTAL 
TYPE CLEAR 
FREQ POWER 
25 MHz 210 mW 
‘$390 | 35 MHz 


SN54390 (J,FC) SN74390 (J,N) 
SN54LS390 (J,FC) 


393 


DUAL 4-BIT BINARY 
COUNTERS 
typical performance 


COUNT TOTA 
TYPE CLEAR z 

FREQ POWER 
393 [25 MHz] HIGH | 190 mw 
‘LS393 | 35 MHz | HIGH 


SN54393 (J,FC) 
'SN54LS393 (J,FC) 


SN74393 (J,N) 
SN74LS393 (J,N) 


395 


4-BIT UNIVERSAL 
SHIFT REGISTERS 
(three-state outputs) 


typical performance 


SERIAL 
SHIFT ASYNC | TOTAL 
DATA 


FREQ CLEAR |POWER 
INPUT 


owe] 0 | cow [7emw_ 


SN54LS395A (J,FC) 


T Pin numbers shown on logic symbols are for J 
nec — no internal connection. 


logic symbolt 


SN74LS390 (J,N) 


CTRDIV 16 


CT=0 


0 
CT 
3 


SN74LS395A (J,N) 


See TTL Data Book 


and N packages only. 


PRODUCT GUIDE 


pin assignments 


| J,NPACKAGES _ |/ FC, FN PACKAGES 
ft ickay 9200 |i ne [tt ne 
19 20c [fz icka [12 200 _| 
fs toa [it 208 |[3 ne [13 ne | 
fa_tcke [iz 2ckel[4 icir[14 206 
fis 20a |[s 1a [15 208 | 
14 2CLR]| 6 1CKB 116 2ckB 
[is 2ckal[7 108 [17 20a _| 
[toc [1s 2cur | 
[2100 [19 2cKa | 
[fo no [20 Veo 


pin assignments 


|_J/NPACKAGES II FC, FN PACKAGES _ | 
aA [8 200 [1 ne Jit ne] 
faretal 9 2ac_|[2 1a ]12 200] 
[310A | 10 208 |} 3 nc 113 nc. 
11 20a |l 4 1cLR}14 20¢ 
riz zor 10a [1s 208 
[e100 Tis 2a le ne 16 ne 
eno [ie vee [7108 [17 208 
8 1OC [18 2CLR | 
1.9100 [19 24 | 
flow eno [20 veo 


pin assignments 








TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-107 


PRODUCT GUIDE 


3 9 6 logic symbolt pin assignments : 


OCTAL STORAGE STROBE G | aN PACKAGES [| FC, FN PACKAGES, 
REGISTERS CLK [1 201] 9 03 |] 1 201]11 D3 
@ Parallel access . | 2 101410 103|{ 2 nc ]12 nc | 
é:. Aeplicnions: 3 Dt [11 2034/3 nc [13 nc | 
ons: : [4202 [12-4 || 4101] 14 103_ 

pent Storage TUES | | 5 102/13 104|[ 5 D1 [15 203 | 
HEX/BCD serial to parallel pepe [14 2as|f6 202 [16 D4 
converters | [7 cuk]15 G_ || 7 102/17 104 | 
typical performance : 16 Vec| 
[eo ccxfis © 


MAX | 10 GND] 20 Vcc 
TYPE | CLOCK | DELAY a ae 
FREQ ; 


SN54LS396 (J, FC) SN74LS396 (J,N) 


3 9 8 | pin assignments 


QUAD 2-INPUT MULTIPLEXERS 
WITH STORAGE 

(double-rail outputs) 

typical performance 


DELAY TIMES 
TYPE | TO INV | NON-INV 
OUTPUT | OUTPUT 


SN54LS398 (J,FC) SN74LS398 (J,N) 


399 


QUAD 2-INPUT 
MULTIPLEXERS 
WITH STORAGE 


typical performance 


TOTA 
TYPE | DELAY 
POWER 


rissa | gone | 37 mw 


* Fromclock to output 


SN54LS399 (J,FC) SN74LS399 (J,N) 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 


NR Ne EE eT a ee Sh | 


8-108 TEXAS INSTRUMENTS 


. INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


412 


MULTI-MODE BUFFERED 
8-BIT LATCHES 
(three-state outputs; direct clear) 


typical performance 
OUT- TOTAL 
DELAY 
PUTS POWER 


SN54S412 (J,FC) 


422 


RE-TRIGGERABLE MONO- 
STABLE MULTIVIBRATORS 
e Internal timing resistor 

e Upto 100% duty cycle 

@® Will not trigger from clear 


typical performance 


NO . OF OUTPUT 
INPUTS PULSE 


2 
SN54LS422 (J,FC) 


423 


RE-TRIGGERABLE MONO- 
STABLE MULTIVIBRATORS 


SN74LS422 (J,N) 


e Upto 100% duty cycle 
@ Will not trigger from clear 


typical performance 
NO. OF OUTPUT TOTAL 
aiGH The PULSE POWER 
RANGE 


Paes aoe ea 


SNS54LS423 (J,FC) SN74LS423 (J,N) 


logic symbolt 


—[ tWerort 
4) [1/0 PORT] 


SI > >4 
$2 G1 


SN74S412 (J,N,FN) 


Rint Cext Rext/Cext 


See TTL Data Book 
logic symboi!t 


1A 

1B 

1CLR 
1Cext 
1Rext/Cext 


2A 

2B 

2CLR 
2Cext 
2Rext/Cext 


See TTL Data Book 


PRODUCT GUIDE 


pin assignments 


Ts 15 S2 


ay 

=) 

oe a 
s 


18 DOS 
17 DOG 
18 DIi6 
19 DO 

20 Di 


6 DO2 
7 DIB 
8 DO3 


6 Di2 
7 DO2 


20 DIS 


22 Ol6 
9 DO3 }.23 DO? 


i |fto_bia [24017 

[23 INT |[it_004 [25 008 | 

ever ater ae 
[s_sTe 
[46ND [28 Voc | 


wR 
> 
i218 
/3/g|S/8 


STB 


sels 
Q) QO 
zZ Oo 
Oo > 


pin assignments 


aN PACKAGES [[FC, FN PACKAGES | 
fat [eo liar [ua 
2A? | 8 Rin 2 A2 [12 Re 

one Ifa nc [13 ne | 
soar caffe foe os 


R 
ae ees 6 CLR |16 Cox: 
= 
Rext/ 
7 GND|14 16 vec | cae 
as 


ea ea 
10 GND ]20 Voc _ 


pin assignments 


[EN PACKAGES | Fe, FNPAGKAGES _ 

92a [1 ta [ii za 
[218 fz 28 
[3 ne [13 ne 
[4 tccR [14 ne 
[sa [i 2ccr 


Cext Cext [7 2 


ee 
| 


11 2CLR 
12 20 
13 10 
1410s: 
5 VRext/ 


6 2Cext 


2Rext/ 
7 ext 


9 2Rext/| , TRext/ 
Cext Cext 


rs far 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





TEXAS INSTRUMENTS 


INCORPORATED 


8-109 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


4? 5 logic symbolt pin assignments 


QUAD GATES 
(three-state outputs, active-low enabling) 


typical performance 


YPE | DELAY | SOURCE | 7 GND |14 Vec 
CURRENT | CURRENT 


SN54425 
SN74425 


| —5.2mA | 16mA_ | positive logic: Y=A 


SN54425 (J) SN74425 (J,N) See TTL Data Book 


4276 . , logic symbolt pin assignments 
QUAD GATES (1) 
(three-state outputs, active-high enabling) 


typical performance 


al 
3A 
TYPE |DELAY | SOURCE : 


s54426 | 10ns_| -2mA | 16mA_ 
ISN74426 | 10ns_| —5.2mA | 16mA_ | positive logic: Y= A 


SN54426 (J) SN74426 (J,N) _ See TTL Data Book 


428, 438 logic symbolt | pin assignments 






























SYSTEM D |_J,N PACKAGES || FC, FNPACKAGES | 
CONTROLLER CONTROLLER |1 StsTe]15 po || 1 STSTB|1s Do 
FOR 8080A sa AND (27) [2 HLDA|16 081 || 2 HLDA|16 DBi | 
WAS _tatwa BUSDRIVER yowp—@2 ow = [awa [i701 [fa WR [i701 
typical performance HLDA— = ——] HLDA memwp=—=>- Mem = [4 DBIN [18 085 [4 DIN [18 DBS 
ae DBIN DBIN - TOR [5084 [195 ||5 Dea [19 D5 
Li ststB—__td stste (24) [6 04/20 p86 [| 6 D4 [20 O86 
700 mW BUSEN—22)_ ps] puseN InTAP—(23) x [7 Dp7_|21 D6 ‘if 7 pB7 |2t De 
5438 [700 mvi si = BUSER|| 6 07 [22 BUSERT 
hearer tere |9 be3_|23 INTA || 9 DB3__|23 INTA_| 
SN748428 (J,N,FN) Seer! sy DBI no 03 [24 MeMA {lo ps [24 MEMR | 
SN74S438 (J,N,FN) D2 7 DB2 11 O82 |25 VOR _|h1 082 |25 T/OR_ 
9 
D3 DB3 2 02 |26 MEMW|h2 D2__ [26 MEM | 
pa—é S)  oBa 13 Deo _|27 1/OW {13 bBo [27 TOW 
ps 112) (18) og, [24 GNO_[28 Voc _|ft4 GND _]28 Veo _ 
(21) (20) 
D6 DB6 
D7 (8) (7) DB7 
See TTL Data Book 
T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 
8-110 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


logic symbol!t 


436, 437 


LINE DRIVER/MEMORY 

DRIVER CIRCUITS — MOS 

MEMORY INTERFACE 

e Drives high-impedance loads 

e Provides high-speed switching 

e Requires minimum input current 

@ Damping output resistor for reducing 
transients (‘436) 

e Total power... 70 mW 


typical performance 


TYPE 


‘S436 150 mA 
S437 150 mA 


SNS4S436 (J) 
SN54S437 (J) 


SN74S436 (J,N) 


SN74S437 (J,N) See 77L Data Book 


QUAD TRIDIRECTIONAL 
BUS TRANSCEIVERS 


440 
441 


(OPEN-COLLECTOR OUTPUTS, NONINVERTED LOGIC) 
(OPEN-COLLECTOR OUTPUTS, INVERTED LOGIC) 
(THREE-STATE OUTPUTS, NONINVERTED LOGIC) 
(THREE-STATE OUTPUTS, INVERTED LOGIC) 


(THREE-STATE OUTPUTS, INVERTED AND NONINVERTED LOGIC) 
(OPEN-COLLECTOR OUTPUTS, INVERTED AND NONINVERTED LOGIC) 


typical performance 


TYPE DELAY | SOURCE 
CURRENT | CURRENT 


ISN54LS440 | 22ns | — | 12mA_| 
SN74LS440 | 22ns| — | 24mA | 
[sneacsaat [iene |= | 12ma_ 
[s7acsaat | tens [| 24ma 
[sNsaused2 [11.505 | ~12ma | Tema 
fsn7ausaa2 [115s | =15mA | 24ma | 
sNs4isa43 | 8ns | -12mA | 12mA _| 
fsn7ausaes | rs | —18mA | 24mA_] 

[ans [a12mA [12 mA 
fsn7ausaea [Ons | —15ma | 24 mA 
rsnsaisaaa [17.5ns | — | 12ma 
jsw74isa4g |17.5ns | — | 24mA 


SN54LS440 (J,FC) 
SNS54LS441 (J,FC) 
SN54LS442 (J,FC) 
SN54LS443 (J,FC) 
SN54LS444 (J,FC) 
SN54LS448 (J,FC) 


SN54LS444 


T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





SN74LS440 (J,N) 
SN74LS441 (J,N) 
SN74LS442 (J,N) 
SN74LS443 (J,N) 
SN74LS444 (J,N) 
SN74LS448 (J,N) 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, 


TEXAS 75265 


PRODUCT GUIDE 


pin assignments 


8 C4 


Ps 62 
| 6 83 | 
nl 


13 A4 


pin assignments 


| _J,NPACKAGES | 
faa] 146A 
[fe GNO|16 Vcc 


aaa ff «cz [14 a 


[22 [1s a2 


[16 At |] 6 83 {16 A1__| 
[17 Ga | 7 c3_ [17 Ga_| 


For logic symbols see next two Pages. 





8-111 





PRODUCT GUIDE 


40, 441, 442, 443, 444, GAB tcomimwa 


logic symbol ‘Lsaaot 'Ls4at1t ‘LS442t 
So (11) so (11) 0 x 
G — 
a (12) $1 (12) 1 3 
as (1) G10 
10(1/2) EN11 


10(0/2) EN12 
10(0/1) EN13 


on 


GA ay) 10(1/2) EN11 10(1/2) EN11 
Gp (18) 10(0/2) EN12 GB 10{0/2) EN12 
Gc UY) 10(0/1) EN13 10(0/1) EN13 


oO, ol 
oO 


At (16) 


BI (2) 


C1 (3) 


A2 (15) 


po (5) 


C2 (4) 


a3 4) 
B3 (6) 


C3 (7) 
A4 (13) 


BA (9) 


cA (8) 





Tt Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





8-112 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


440, 441, 442, 443, 444, 448 (continued) 


‘Ls4q4qt ‘Ls44gt 


¢ | 


fo] | 


10(1/2) EN11 
10(0/2) EN12 
10(0/1) EN13 


6) 
a 
© 
— 


Or Ol 
oO @ 
3s js 
ha fe 
O1 Ol 

jee] 


BCD-TO-DECIMAL BCD/DEC 
DECODERS/DRIVERS Db 
e@ Use as lamp, relay, or MOS driver 

Low-voltage version of ‘LS145 


e 

@ Full decoding of input logic 

e@ All outputs off for invalid BCD 
input conditions 





8 GND}16 Vcc 


typical performance 


OUTPUT | OFF-STATE 
OUTPUT 
CURRENT |; VOLTAGE 


ononNnoonmr wn = Oo 


SN54LS445 (J) SN74LS445 (J,N) See 77TL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
Nc -— no internal connection, 





TEXAS INSTRUMENTS 


INCORPORATED 


8-113 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


446, 449 logic symbol, ‘LS446t ‘pin eesloninenite 


QUAD BUS TRANSCEIVERS GBA G9 |_J,N PACKAGES || FC, FN PACKAGES | 
WITH DIRECTION CONTROLS G G10 }1 GBA] 9 B4 || 1 GBA |i1 Ba | 
é-Siveiteieeuiene 9EN1 [BA] | 2 At_|410 DIRA| 2 nc 412 nc | 

me ees, 10EN2 [AB] 3 DIRZ{11 B3 [f 3.nc_ [13 nc _| 
© True ("LS449} and inverting 9EN3 [BA] 4 A2_ [12 B2 [| 4 a1 ]14 o1R4 | 


(‘LS446) outputs 10EN4 [AB] 


e@ P-N-P inputs to reduce dc bus 9EN5 [BA] 


line loading 10EN6 [AB] |7 a4 _|15 GaBll 7 A3_ {17 DIRI | 
| fe end [16 Voc ff 8 DiRa]1@ or — 
typical performance 9EN7 [BA] | [9 aa |[19 Gas | 


TOENS [AB] [10 GND }20 Vcc _ 
TYPE |DELAY| SOURCE 7 
CURRENT |CURRENT 7 
A2 = 


| 10.5 ns | 
[SN74L8449 | 10.5ns | -15mA | 24mA_| 


SN54LS446 (J,FC) SN74LS446 (J,N) 
SN54LS449 (J,FC) SN74LS449 (J,N) 


9EN1[BA] 
10EN2[AB} 
9EN3 [BA] 
10EN4 [AB] 
9EN5 [BA] 
10EN6[AB] 
9EN7 [BA] 
10EN8 [AB] 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





8-114 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


44] logic symbolt pin assignments 
BCD-TO-SEVEN-SEGMENT fe 
DECODERS/DRIVERS Pa ss 
2 | Cc 
@® Low-voltage version of ‘LS247 
@ Open-collector outputs drive 
. Ae ces 
indicators directly RBO 
e Ripple blanking 
typical performance 15 f 


} OUTPUT | OFF-STATE A 16 Vcc 
TOTAL 
TYPE OUTPUT 8 
POWER 
CURRENT | VOLTAGE - 


SN54LS447 35 mW 
SN74L8447 


SN54LS447 (J) SN74LS447 (J,N) 


46 5, 46 6 pin assignments 
OCTAL BUFFERS WITH : 


THREE-STATE OUTPUTS 

@ P-N-P inputs reduce bus loading 
e ‘465 true outputs 

e ‘466 inverted outputs 


typical performance 


TYPE |DELAY| SOURCE 
CURRENT |CURRENT , 


[sNsaisae65| 11s [| -1ma | 12mA_| 
Pswsausa6s| ans | —1ma | 12mA 
SN74LS466 | 8 ns 


SN54LS465 (J) SN74LS465 (J,N) 
SN74LS466 (J) SN74LS466 (J,N) 


See 77L Data Book 





FONT TABLE T2 — NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS USING ‘447 


peUSe eS SESE 


10 11 12 13 14 1 
TEXAS INSTRUMENTS 8-115 


INCORPORATED 


T Pin numbers shown on logic symbols 
are for J and N packages only. 
ne — no internal connection. 








POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





PRODUCT GUIDE 


46/7, 468 logic symbol, 'LS467t pin assignments 
OCTAL BUFFERS WITH 


|_J,N PACKAGES __ | 
THREE-STATE OUTPUTS 14 1G [41 2Y¥1, 
e P-N-P inputs reduce bus loading 
@ ‘467 true outputs 
@ ‘468 inverted outputs 
typical performance | 6 1A3 [16 2A3 | 


8 1A4 18 2A4 

CURRENT (CURRENT ; 
FSNeaLsae7[ thas [| -tma | t2mA_] 
fsn74isae7[ 11 ns [-25mA | 24mA_ 
[snsausaee] ane | -1ma | 12mA_ 
rsn7acsa6e) ns [~2.5mA | 24ma 


SN54LS467 (J) SN74LS467 (J,N) 
SN54LS468 (J) SN74LS468 (J,N) 


See TTL Data Book 


(This number has been changed to TBP18SA22. Product Guide information for this PROM can be 
found at the end of this section.) , 


(This number has been changed to TBP18S22. Product Guide information for this PROM can be 
found at the end of this section.) 


(This number has been changed to TBP18S42. Product Guide information for this PROM can be 
found at the end of this section.) 


(This number has been changed to TBP18SA42. Product Guide information for this PROM can be 
found at the end of this section.) 


(This number has been changed to TBP18S46. Product Guide information for this PROM can be 
found at the end of this section.) 


(This number has been changed to TBP18SA46. Product Guide information for this PROM can be 
found at the end of this section.) 





tT Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 
a EN WEL EFI RE SO Re EN NN A SN Be eg ee ee eee Pe eT 


8-116 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


481 


4-BIT-SLICE 
CASCADABLE 
PROCESSOR 
ELEMENTS 


typical performance 


TYPE; TION 


| ’S481] 100 ns _ 


SN74LS481 (J,N) 
SN74S481 (J,N) 





functional block diagram 8 


tNPUTS/ 
OUTPUTS 


HARDWIREO 
ALGORITHMS 


MICRO-DECODE 
LOGIC ARRAY 


PCXWRWR B 
BMUX 


ALU AND 
COMP ARATOR 


INC.PC ———_ me TOPE 
INC. MC ————m 9TOMC 
LOAD WR ——— TO WR 


PRODUCT GUIDE 


pin assignments 


[SNPACKAGES |. 
1 BI/O2 | 25 WRLET 
281/03 
3 AIS [27 _XWALFT| 
Ex 
17. OP4 


41 AOP3 
Cin 42 AOSEL 


nN 
“J 
x 
= 
a 
Cc 
nv 
+ 


6 AIO 
7 OPO 
8 OP1 


10 OP3 
11. OP7 
12, Vec 
13. OP6 


15 OP8 
16 OP9 


—_ 
le] 


20 Y/AG | 44 CCI 
21 X/LG |45 CLK 


[22 Cece [46 81/00 
[as_ea [47 81/0 
24 LDWR| 48 BI/OSEL 


D 





CIN 
x OUT 
LOG.> OUT (MSP) 


Y OUT 
ARITH.> OUT (MSP} 


cout 


AQ. MUX 
SELECT 


DO MUX 
SELECT 


BI/O SEL 


XWRLFT 


XWRAT 


WR 
——— 
{sn 


ET 


PGM CTR. 
MEM. CTR EQUAL 


SHIFT MUX 
1-2 


cco 
i2\ "| Cy OVER FLOW (MSP) 
yohbnbitnd . , WORKING PROGRAM MEMORY 
REGISTER i REGISTER P COUNTER COUNTER 
oa 


[4f 0s WRLET [a] 


DATA OUT ADDRESS OUT 
PORT 


See Page 3-3 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





8-117 


PRODUCT GUIDE 


48 2 Pin assignments 


4BIT-SLICE [GIN PACKAGES _[[FC, FNPACKAGES| 
EXPANDABLE | 1s4 [11 AO |[ 1 S4 |15 AO | 


CONTROL [2.s3_ [12 F3 [[2 nc [16 ne | 
ao ston lts Fo 353 [17 Fs 
. [4 Cin [14 FI [Pa ne [18 nc | 
puacaeueS ssi [15 FOI Coy fa Fo 
SN74S482 (J,N,FN) [6 S2_ [16 CLAILS6 Cin [20 Ft 
Paap S671 fa FOI 

[saz ]is ss i]s s2_|22 nc | 
s-at_[ia CUR] 8 Aa ]os CO] 
10 GND}20 Vccl[10 A2_|24 s6_| 
[Vine [25 ss | 


12 nc [26 nc 
[sat [a7 cu 

1 ' GN 
functional block diagram [14 GND[28 Vcc | 


CARRY INPUT CLOCK CLEAR 


REGISTER |! 


4 
PUSH/POP 
STACK 
(FILO) 


S3 S4 


See Page 3-57. 





Nc — no internal connection, 





8-118 | TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


484, 485 
BCD-TO-BINARY AND 
BINARY-TO-BCD CODE 
CONVERTERS 

(‘484 BCD-to-binary) 
(‘485 binary-to-BCD) 
typical performance 


DELAY TIME TOTAL 

TYPE 
gee PKG LEVEL eal 
's484|  45ns | 525 mw | mW 


[sae5 [a5 ns [525 mw 


SN54S484 (J,FC) 
SN54S485 (J,FC) 


SN74S484 (J,N,FN) 
SN74S485 (J,N,FN) 


See Page 2-71 


490 
DUAL DECADE COUNTERS 


typical performance 


COUNT TOTAL 
TYPE 

FREQ POWER 

| ‘490 | 25MHz| HIGH | 225 mW 
35 MHz | HIGH 


SN54490 (J,FC) 
SN54LS490 (J,FC) 


logic symbol ‘sagqt 


BCD/BIN 


A 
B 
Cc 
D 
E 
F 
G 
H 


CTRD!IV10 


SN74490 (J,N) 
SN74LS490 (J,N) 


See T7L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection, 


PRODUCT GUIDE 


pin assignments 


BINARY 


si 
fiz v3_|26 ne | 
lisva_fo7 Fe _] 
[14 GND] 28 Veo | 


JQVISVD 


pin assignments 


[ac N PAGKAGES | Fe, FN PACKAGES | 
teu [9 200 If tcuk [it ne 
2scur [10 2ac ff 2ne fiz 200 | 
fstoa [11208 || 3 1c0n fis 20c 
[a 1seTa[12 2SeTo|| 4 10a [14 208 | 
fs 108 [13 20a || 5 1seTO|I5 2SETO) 
fe1ac_fr4 2cur |] 6108 fie 200 | 
7100 [15 26LK || 7 10C_fi7 2cuR | 
[a GND [16 Voc [| 8 ne fiance 

9 100 [19 2cLK | 

[fo-Gno [20 Veo 
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INCORPORATED 
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PRODUCT GUIDE 


540, 541 logic symbol, ‘LS540t 


OCTAL BUFFERS AND 

LINE DRIVERS 

e@ Three-state output drives bus lines 
or buffer memory address registers 

e ‘LS540 for inverted data output 

e ‘LS541 for true data output 


typical performance 


TYPE |DELAY| SOURCE 

CURRENT |CURRENT 
SN54LS540| Qns {| —12mA | 12mA 
SN74LS540| 9.5ns | —15mA | 24mA 
SN54LS541| Ons | —12mA | 12mA 
SN74LS541| 9.5ns | -15mA | 24mA 


SN54LS540 (J,FC) SN74LS540 (J,N) 
SN54L$541 (J,FC) SN74LS541 (J,N) 


See TTL Data Book 


tT Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





Pin assignments 


[GN PACKAGES |[FC, FN PACKAGES | 
Per [uve [1m [uve 
Peat_[i2v7 [2 at fie v7 
Paaz [13 ve | 3 az [13 ve 
peas [14 vs | 4 aa [14 ve 
rs Aa [15 va || 8 Aa_[15 v4 
Peas [16 va || 6 a5 [te v3 
Pas_|i7 v2 [7 as [17 v2 
}s a7_ jig Yi |} 8 a7 |i8 v1 | 
fo as_|19 G2 || 9 aa [19 C2 
fio GND |20 Vegl[10 GNB[20 voc _ 
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573 logic symbolt 


OCTAL D-TYPE TRANSPARENT 


LATCHES 

@ Functionally equivalent to 
*LS$373 and ‘S373 

® Three-state buffer-type outputs 
drive bus lines directly 

e Approximately half the power 


of ‘LS373 
typical performance 


OUT- TOTAL 

TYPE DELAY 
PUTS POWER 
‘ALS573 | 11ns | 67.5 mW 


SN54ALS573 (J,FC) SN74ALS573 (N,FN) 


OCTAL D-TYPE EDGE- 

TRIGGERED FLIP-FLOPS 

@ Functionally equivalent to 
‘LS374 and ‘S374 

@ Three-state buffer-type outputs 
drive bus lines directly 

e Approximately half the power of 


‘LS374 
typical performance 


DATA TIMES 
PWR/ 
TYPE SET- 
F-F HOLD 
UP 


t Rising edge of clock pulse . 
SN54ALS574 (J,FC) SN74ALS574 (N,FN) 


5/6 


OCTAL D-TYPE EDGE- 

TRIGGERED FLIP-FLOPS 

e Buffer-type outputs drive bus 
lines directly 

e Inverted outputs 


typical performance 


SN54ALS576 (J,FC) SN74ALS576 (N,FN) 


logic symbolt 


See TTL Data Book 


See 77L Data Book 


See 7TL Data Book 





PRODUCT GUIDE 


pin assignments 


[S,NPACKAGES _|[FC, FN PACKAGES | 
fr oc [i1_enc][a 0c [11 enc 
[21> [i280 [2 10 |iz 80 
r4_ap_|¥4 6a_[[4 30_| 


[4 30 [14 6a] 
rs 40 [1s 60 [[s 40 [15 50_| 
pe 80 [16 40 |e 50 [16 <0 | 
P76 [7 3a_]]7 60 |i7_30 
[370 [te 20 |e [18-70] 


fe 80 [19 10 [fs eo [te 10_| 
fio GND [20_Vco |f0_GND [20 Vos | 


pin assignments 


[aN PACKAGES |[FG, FN PACKAGES | 
ra Oe [it cuk|s Oc [a1 CuK 
p2 1p [12 60 |[2 10 [i280 _| 
r4_a0 [14 60 

[sao [18 80 
Peso [16 40_| 
pe_70 [18 20_| 
re a0 79 10 | 9 80 
[fo GND [20 Vee | 


1 
9 8D 


pin assignments 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc ~— no internal connection, 





TEXAS INSTRUMENTS | 8-121 
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8-122 


PRODUCT GUIDE 


580 


OCTAL D-TYPE TRANSPARENT 

LATCHES WITH INVERTED 

OUTPUTS 

® Three-state buffer-type outputs 
drive bus lines directly 


typical performance 


TYPE |DELAY elas 
POWER 


PALSSEO| Tins [67.5 mW 


SN54ALS580 (J,FC) 


590, 591 


8-BIT BINARY COUNTERS 
WITH OUTPUT REGISTERS 


e ‘LS590 has three-state register 
outputs 


e ‘LS591 has open-collector 
register outputs 
e Counter has direct clear 


typical performance 


MAX 
PARALLEL 
TYPE (COUNT 
LOAD 
FREQ 


CLEAR 
Fisse0 20 mre [SYNC _[SYNCL| 


logic symbolt 


SN74ALS580 (N,FN) 


CTR8 


(CT = 255) 24 


TOTAL 
POWER 


166.5 mW | 


Pusset 20 wiiz | sync |sywe-t] 155 mw 


SN54LS590 (J) 
SNS54LS5971 (J) 


See TTL Data Book 


SN74LS590 (J,N) 
SN74LS591 (J,N) 


T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection, 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


Pin assignments 


pin assignments 





PRODUCT GUIDE 


5 9 2 | logic symbolt pin assignments _ 


8-BIT BINARY COUNTERS 
WITH INPUT REGISTERS 18 
@ Has parallel register inputs 
® Counter has direct overriding 14 €  |12 CCKEN | 

load and clear 
@ Guaranteed counter frequency |6 G [14 TLOAD | 

...dcto 20 MHz 


16 V 
typical performance | 8 GND {16 Vcc | 


MAX 
PARALLEL TOTAL 
COUNT CLEAR 
LOAD POWER 
FREQ 
20 MHz SYNC SYNC-L | 130 mW 


SN54LS592 (J) SN74LS592 (J,N) 


5 g 3 pin assignments 
| 4NPACKAGES _| 
8-BIT BINARY COUNTERS G 


. A/QA [11 
WITH INPUT REGISTERS a 12 
@ Has parallel three-state 1/O: pace 14 ECREN 
register inputs/counter 


outputs 


e Counter has direct overriding 


load and clear 

e Guaranteed counter frequency 
...dc to 20 MHz 

typical performance 


MAX 
PARALLEL TOTAL 
COUNT CLEAR 
LOAD POWER 
FREQ 
20 MHz SYNC SYNC-L | 177 mW 


SN54LS593 (J) SN74LS593 (J,N) 





See 77L Data Book 





Tt Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 
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INCORPORATED 
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PRODUCT GUIDE 


5 9 5 F 5 9 6 logic symbol, ‘LS595T pin assignments 


8-BIT SHIFT REGISTERS G 
WITH OUTPUT LATCHES BR Lae 
e@ Serial-in, parallel-out shift 
registers with storage 14 QE |12 RCK | 
‘LS595 has three-state parallel 
tput [6 OG [14 SER_| 
ee 


‘LS596 has open-collector 18 GND/16 Vcc | 


parallel outputs 
Guaranteed shift frequency 
...dc to 20 MHz 
typical performance 


ASYNC | TOTAL 
CLEAR |POWER 


russes] 0 | Low [160 mw g 3 


SN54LS595 (J) SN74LS595 (J,N) . 
SN54LS596 (J) SN74LS596 (J,N) 


5 97 pin assignments 


8-BIT SHIFT REGISTERS 
WITH INPUT LATCHES 


@ Hasparallel storage register 
inputs 


e Shift register has direct over- 


VJ 
4S 
os 


riding load and clear 


e@ Guaranteed shift frequency 
... dc to 20 MHz 
typical performance 


ASYNC | TOTAL 
CLEAR | POWER 


russe 0 | LOW [1G mi] 


SN54LS597 (J) SN74LS597 (J,N) 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 
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PRODUCT GUIDE 


5 g 8 logic symbolt | pin assignments 


8-BIT SHIFT REGISTERS 
WITH INPUT LATCHES 


e Has parallel three-state 1/O 
storage register inputs, shift 


register outputs SLOAD 5 E/QE 15 RCK 
6_F/OF 
e Shift register has direct over- | 6 F/QF | 
a ee 7 G/QG 17 SERO 
riding load and clear Sc iods bad Seas 


e Guaranteed shift frequency 
eto 20 Mi 
typical performance 2D 
SERIAL V 6,14 
ASYNC | TOTAL 2D 5 
DATA 
| INPUT CLEAR | POWER V 7,14 27 
issoa] 0 | Low |t77 mw —— 


SN54LS598 (J) SN74LS598 (J,N) a ie me 
aa SS ee 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





TEXAS INSTRUMENTS 8.125 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


600 functional block diagramt 
MEMORY REFRESH - 
CONTROLLERS RC RAS HI 


AC RAS LO 
@ Controls refresh cycle of 4K or 16K Ref Reo OS 


dynamic RAM’s REF REQ? 
e Three-state outputs drive bus 


(WW) 


(12) 


lines directly 

e Time to initiate refresh request 
is typically 30 ns 

@ Refresh modes: transparent, ax /T6K 
burst 

SN54LS600 (J,FC) SN74LS600 (J,N) 


Pin assignments 


| FC, FN PACKAGES 

Pao [12 AC RASLO_ 
[oar [1a Re Aca 
[aaa [ra ner REGT 
[eas ps AS] 

6 As | 16 HOLD 

Cras tne as [7 ne 

Ee | CD 

| 9 4K/6K] 19 RCBURST || 9 4K/76K| 19 RC BURST | 
fio~eno[20"Vec Jf eno [20vec | __ ee Tr Date Book 


601 


MEMORY REFRESH 
CONTROLLERS 
e@ Controls refresh cycle of 64K RC AAS HI 


BusY | 11 RCRASHI | 
AO 12 RC RAS LO || 

Al 13 REF REQ 
4 A2 14 REF REQ2 


6 HOLD 


functional block diagramt 


dynamic RAM’s RC RAS LO 
e@ Three-state outputs drive bus ens 
° . REF REQ2 
lines directly 
e Time to initiate refresh request 
is typically 30 ns 
@ Refresh modes: transparent, 


burst 
SN54LS601 (J,FC) SN74LS601 (J,N) 


AC BURST 
pin assignments 


[EN PACKAGES || _FC, FN PACKAGES 

11_AC RASH || 1 BUSY 
2 AO 
3A 
P4_a2 | 14 REF REGO |[ 4 AD 
PSAs [1s RAS i's Aa [ts RAS 


| 
| 

: 

ane 

Pe aa [16 HOLD |e Aa [16 HOLD 
a a eC 
Ce 
[e_ar__[ 19 ROBURST || @ a7 | 19 RCBURST 
fio GND | 20Veg [fio GND [20 Veo 


See TTL Data Book 





TPin numbers shown on logic symbols are for J and N packages only. 
ne — nointernal connection. 
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PRODUCT GUIDE 


602 


MEMORY REFRESH 
CONTROLLERS AC RASH) ut 


412) 


functional block diagramt 


AC AAS LO 


@ Controls refresh cycle of 4K or (13) 
AEF REQ) 


16K dynamic RAM's ner Rec: «4 
e Three-state outputs drive bus 

lines directly 
e@ Time to initiate refresh request 

is typically 30 ns 


@e Refresh modes: cycle steal, (9) 


aKsieK 
burst 


SN54LS602 (J,FC) SN74LS602 (J,N) 


pin assignments 


0 
1 
2 
3 oy 
L 
A6 


13. REF REQ1 }3 AT {13 REF REQ2 
14 REF REQ2 


| 
| 
| 
| 
ieee asp nc CCE 18 
| 
| 
| 


A 
A 
A 
A 

7 AS 17 READY || 7 A5 {17 READ 

RC CYCLE RC CYCLE 
18 8 AG 18 
STEAL STEAL 


9 4K/T6K]19 RCBURST |] 9 4K/T6K]19 RC BURST 
cc cc See TTL Data Book 


8 


6 0 3 functional block diagramt 
MEMORY REFRESH 


CONTROLLERS RC RAS HI 


e Controls refresh cycle of 64K pain 


dynamic RAM's 
Three-state outputs drive bus 


REF REQ! 


REF REQ? 


lines directly 
Time to initiate refresh request 
is typically 30 ns 


PEREcR=UB 


Refresh modes: cycle steal, 
burst es 
SN54LS603 (J,FC) SN74LS603 (J,N) RC BURST 


pin assignments 


J, N PACKAGES | FC, FN PACKAGES 
1 BUSY |11 RCRASHI [| 1 BUSY [11 RCRASHI 
= ———— accycre (18) 
2 AO 12 RCRASLO|| 2 Ao [12 RCRASLO STEAL 
| 3 
| 2 





3 Al 13 REF REQ || 3 a1 [13 REF REQ2 
4 A2 14 REF REQ2 14 A2 414 REF REQ1 
raas [ie AAS ‘|B as__[18 RAS 
Peas |i6 HOLB || 6 as__|16 HOT 
RC CYCLE RC CYCLE 
A 1 8 AG 18 
iQ RCBURST || 9_A7 [19 RC BURST 
[10 GND__[20 Vcc [10 GND [20 Voc See TTL Data Book 





TPin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8-127 


INCORPORATED 


POST OFFICE 8OX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 





6 04, 6 0 5 logic symbol, ‘LS604, ‘LS606t pin assignments 


606, 607 


OCTAL 2-INPUT MULTIPLEXED 


LATCHES 
e 16 D-type registers — one for ! ee oe 
each data input a 
e ‘LS604 and ‘LS606 feature [7 a3 [21 AB | 
three-state outputs 
e Multiplexers select stored data 
from either A or B bus 


e Application-oriented: 
— max speed - (‘LS604, ‘LS605) 
— glitch-free operation - 
(‘LS606, ‘LS607) 


typical performance 


[TyPE [DELAY] POWER | 
'LS605| 26ns 
'LS606! 31ns 
‘LS607  31ns 


SNS54LS604 (J,FC) SN74LS604 (JD,N) B41 
SNS54LS605 (J,FC) SN74LS605 (JD,N) A2 
SN54LS606 (J, FC) SN74LS606 (JD,N) B2 
SNS54LS607 (J,FC) SN74LS607 (JD,N) Ba 














A/B 





See TTL Data Book 


T Pin numbers shown on logic symbols are for J, JD, and N packages only. 
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PRODUCT GUIDE 


6 0 8 logic symbolt pin assignments 


MEMORY CYCLE p 
CONTROLLERS MEMORY CYCLE CONTROLLER 


SN54LS608/SN74LS608 
Read cycle PAGE 


Write cycle 
Read, modify, write cycle 
RAS only refresh cycle 


Page or normal modes 
REFRESH 


PU ] f biti 
CPU-to-memory interface READ 


Stand-alone controller for 


WRITE 
RC RAH 
PRECHARGE RC PRECHARGE 
RC CAS LO RC CAS LO 


SN54LS608 (J) SN74LS608 (J,N) See TTL Data Book 





Tt Pin numbers shown on logic symbols are for J, JO, and N packages only. 
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INCORPORATED 
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PRODUCT GUIDE 


6 1 0 ' 6 11 typical performance pin assignments 


612, 613 
MEMORY 


roe 22 MO 

eee zuma) 
| 
risers {No __| 


FC, FN PACKAGES 


TYPE 


o 


28 MO 
25 M08 

‘LS612 

‘LS613 


7 00 27 MO11 
e Designed for paged memory 
mapping 10 D3 


Poor [2s 
@ Expands four address lines to it oa 


12 address lines 11205 32 D9 


SN54LS610 (J,FC) SN74LS610 (JD,N) 13M 33 D1 

SN54LS611 (J,FC) SN74LS611 (JD,N) [14 MOO | 34 D11 

SN54LS612 (J,FC) SN74LS612 (JD,N) [15 MO1__| 35 MAO 
[16 MO2 | 


SN54LS613 (J,FC) SN74LS613 (JD,N) 36 RSO 


17 MO3 37 MA1 
18 MO4 38 RS1 


39 MA2 


20 GND 40 Vcc 


7 RIW 29 MO10 
8 DO 30 MO11 


ate 


03 


9 MO3 


fat Wat 


22, GND 


* C on ’LS610 and ’LS611 
nce on ‘LS612 and ‘LS613 


il 


30 D7 


o 


INS) — | oe] ow =| = 
om 
= 
‘e) 
oO 





See TTL Data Book 
functional block diagram (positive logic) 


8 L's FOR MOO—MO7 


c 
{ 
' 
| 
| 
| 
| 
| 
| 
\ 
I 
| 


RAM 16 x 12 
o7, 2 
BZ SA is 


C1 (WRITE) 


‘LS612 & 
"LS613 FEED 
STRAIGHT 
THROUGH 


**LS610 and ‘LS612 have 3-state (7) map outputs. 
*LS611 and 'LS613 have open-collector (©) map outputs. 





ne — no internal connection. 





8-130 TEXAS INSTRUMENTS 


INCORPORATED 
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PRODUCT GUIDE 


6 2 0 ’ 6 21 logic symbol, ‘LS620t pin assignments 


622, 623 a J, N PACKAGES 


1 GAB]11 B8 
OCTAL BUS 2 a1 |12 B7 
TRANSCEIVERS 


3 A2 13 8B 
® Bidirectional bus transceivers 


FC, FN PACKAGES 


a as [1a 85 
is 84 
fie 83 


ao 


15 Ba 
16 B3 
17 B2 
18 Bl 
19 GBA 
20 Vcc 


@ Local bus tatch capability 5 A4 
6 A5 
typical performance 7 AG 


OUTPUT | SOURCE 
CURRENT} CURRENT 


A 
16 AS [16 B3 
10 GND 


8 Al 
9 A8 
10 GND 


Re 
Bam 
oc 
eee 
ee AB 
Eees 
eens 
aoa 


N/A 
NIA 
NIA 
NIA 
“aA 





logic symbol, ‘LS623t 





SN54LS620 (J,FC) SN74LS620 (JN) 90° 774 Mata Boor 
SN54LS621 (J,FC) SN74LS621 (J,N) 
SN54LS622 (J,FC) SN74LS622 (J,N) 
SN54LS623 (J,FC) SN74LS623 (J,N) 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





TEXAS INSTRUMENTS 8-131 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


6 24 typical performance logic symboit 


VOLTAGE- TYPE | REPLACES 
CONTROLLED [S624] ‘LS324 


OSCILLATORS 


pin assignments 


e Separate supply voitage pins | EN lose! 

for isolation of input/output RNG 
signals rc 'GD 

e Maximum output frequency = CX ov 


20 MHz CX [Osc] 
e Improved version of original 


VCO family osc GND 
See 77L Data Book 


SN54LS624 (J,FC) SN74LS624 (J,N) 


6 2 ) typical performance 
: 1G - A 
vOEPAGe TYPE | REPLACES (7) e pin assignments 
CONTROLLED [cost isgas | jose Vec scotia [anPackaces [| Fo, FNPACKAGES | 
OSCILLATORS 10SC GND 0 v [Osc] 20SC 20SC 
1 GND |11 
20SC 
12 12 
Pe ye ares. 
pss mG. 2 
fa text [12 2exa | 4 iy [i4_2FC 
5 


1 

2 2 

3 ae 

20 MHz 20SC Vcc ee teeter 15 2CX2 
e Improved version of original 20SC GND [6 we [14 2y [| 6 1x2 [16 20xt_| 


7 198 |15 92 71 
family 2FC 
1 


logic symbo!t 


GND | 9 
e Separate supply voltage pins 1CX1 Cx ss 
for input/output isolation 1CX2 cx wo “cs 
e Maximum output frequency = 
Vcc 


FC 

2CX1 g. 1086 lan wy P 
SN54LS625 (J,FC) SN74LS625 (J,N) 2Cx2 GNO a di 
Osc 
See TTL Data Book 


6 26 typical performance logic symbolt pin assignments 


VOLTAGE. Osc Vee [ar N PACKAGES _[FC, FN PACKAGES _ 
eon meutee soup {sire ft ene | 
2 
ee | a 
e Separate supply voltage pins 14 1EN | 12 2CX1 f41y {i 
for input/output isolation 15 1EN | 
e@ Maximum output frequency = 14 2Y 16 2EN 


| 
| 
| 
13 2EN | 
14 2v_ | 
e@ Improved version of original 2EN =e 


SN54LS626 (J, FC) SN74LS626 (J,N) 


OSC GND 
See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





8-132 TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


6 27 typical performance logic symbolt 


VOLTAGE- TYPE | REPLACES ia) GD 


OSCILLATORS 10SC GND 0 Vv [OSC] 
1FC FC 
1CX1 cx 
1CX2 Cx 


@ Separate supply voltage pins 
for input/output isolation 

@ Maximum output frequency = 
20Mn2 20SC Vcc 

e@ Improved version of original 20SC GND 


family 2FC 
2CX1 


SN54LS627 (J,FC) SN74LS627 (J,N) 
2CX2 


See TTL Data Book 


628 typical performance logic symbolt 


eae TYPE | REPLACES 
: ‘Ls628 |  ‘LS324 


OSCILLATORS 


@ Separate supply voltage pins 

for input/output oscillators 
@ Maximum output frequency = 

20 MHz 
@ improved version of original 

family 
SN54LS628 (J,FC) SN74LS628 (J,N) 

OSC GND 


629 typical performance 


VOLTAGE- TYPE | REPLACES 


OSCILLATORS 


e Separate power supply pins 
for input/output isolation 

@ Maximum output frequency = 
20 MHz 

e@ .[mproved version of original 


family 
SN54LS629 (J,FC) SN74LS629 (J,N) 


osc GND 


See 77L Data Book 





PRODUCT GUIDE 


pin assignments 


oe onan SEeeeNPacKaGes | Pl pAckaGes 


10SC 
11. 2Y 


EDs EX 
GND 
| 3_1¢x1 |10_ 2cxal] 3 nc [13 ne _| 


10 S )i2 2Fe. osc 
12 2 2c | 5 1cx1|15 7 
GND 
aa 
6 1Y 6 1CX2|16 2CX2 
7 GND |14 Vcc vee |? Ia 2CX1 


ee 


20SC 
9 1Y 
Vcc 


10_GNO_]20 Vcc _} 


pin assignments 


OSC 
1 8 Z 
GND 


|FC, FN PACKAGES 
[SCRE Ore || 3 ve 
fa ex2 [it Ax If4 Oxi [14 ne 
5 EN |12 Rx || 5 cx2 


Gc ic 7. 
Fey 3 6c lene [16 ax 


7 GND }j14 One [7 |p RX 
Vcc 
[8re 118 oe 
el 


pin assignments 


J, N PACKAGES 
rear = eno [1 2Fc 
Ps tanG|11 268 3 ne 
ravaoxt [47 20xt || 4 tan 
rs icxe | 13 202 os 2 

rete [14 anno] 


osc 

7°41Y 17. 2Cx2 
? Mee 

ey 16 Vcc 18 2RNG 


20 Vcc 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8-133 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





8-134 


PRODUCT GUIDE 


630, 631 


16-BIT PARALLEL ERROR 
DETECTION AND CORREC- 
TION CIRCUITS 


e Fast processing times: 
— Write cycle: generates check 
word in 45 ns typical 
-— Read cycle: flags errors in 
27 ns typical 
Detects and corrects single 
bit error 
Detects and flags dual-bit 
errors 


typical performance 


| TyPE | OUTPUT |DELAY| POWER | 


SN54LS630 (J,FC) 
SN54LS631 (J,FC) 


functional block diagram 


so 


DATA BIT 1/0 
DBO THRU DB15 


ne — no internal connection, 


SN74LS630 (JD,N) 
SN74LS631 (JD,N) 


LATCH BS PARITY 

‘ GENERATOR 
CHECK BIT 1/0 
CBO THRU CBS 

BUFFER 


=| 


hg LATCH 
Cc 


ERROR 


BUFFER CORRECTOR 


OE 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


ERROR 
DECODER 


pin assignments 


J, JD, N PACKAGES |] Fc, FN PACKAGES 


1 DEF [15 DBI2|| 1 DEF 

0 [16 DB13]) 2 bB0 [16 Dats 

7_patall 3 081 [17 pet 

4 062 [18 oBt5|| 4 Dez [18 815 
[5 Ba |19 ces || 5 Das [19 cas 
Ts 04 [20 ces || 6 Dea [20 com 
[7 pes {21 ces || 7 085 [21 ces 
Pe pe [22 cez || e 86 [22 coz 
Te 087 |23 cer || 9 oB7 |23 cor 
ro pee [24 ceo [to es [24 ceo 
f1_op9 25 so_| 
[2 oe10|26 st [fiz oe10|26 st 
[1g_pett|27_seF_|[v3 pet [27 ser _ 


See T7L Data Book 


.) 
OE 
ERROR 
DETECTOR 





PRODUCT GUIDE 


6 3 8 6 3 i] logic symbol, ‘Ls63st pin assignments 
’ 


OCTAL BUS TRANSCEIVERS 


Bidirectional bus transceivers 

“A” bus outputs are open- 
collector; ‘’‘B” bus outputs 
are three-state 

‘LS638 — inverting logic 

‘LS639 — true !fogic 


typical performance —s 10 GND| 20 Vcc 


TYPE DELAY | SOURCE 
CURRENT | CURRENT 


Psnsaiseae | ttre] —12ma | 12mA 
rs74iseaa | 1tas| —15ma | 24mA 


SN54LS638 (J) SN74LS638 (J,N) 
SN54LS639 (J) SN74LS639 (J,N) 





See 77L Data Book 





T Pin numbers shown on togic symbols are for J and N packages only. 
nc — no internal connection. 





TEXAS INSTRUMENTS 8-135 


INCORPORATED 
POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


PRODUCT GUIDE 


pin assignments 


11 B8 


640, 641, 642 
643, 644, 645 


FC, FN PACKAGES 


OCTAL BUS TRANSCEIVERS 2 Al 12 B7 


| 
| 
3 A2 {13 BE || 3 A2 {13 BE 
4 A3 [14 BS | 4 A3 
TYPE OUTPUT |DELAY | SOURCE 5 A4 eae 
CURRENT| CURRENT 6 A5 {16 B3 || 6 AS {16 B3 


Te 
Pear [re et jie arte 81 _| 
ee Ce ia 
Psneaiseat[ 0c [1650s] N/A | 12mA_| 10 GNP [20 Voc|fio GNP |20 Vec_| 
Psnvacseat] 0c |1650s] N/A | 24mA_ losie symbol, S640" 


SN74LS642 16.5 ns | 24 mA 3 EN2 [AB] 


af oc [165m | wi 
TNA 
ran7atsee2t] oc |16.5ns| N/A | 48 ma 
Psweacseaa| ostowe | 8.5ns| —12mA | 12mA | 
- 0-C 


[8.5 ns | 
[16.5 ns 
j16.5ns|_N 
jte.5ns| N/A | 48mA | 
| 9.5 ns, 
| 9.5 ns, 


ae 
[sn7aiseae-i] 0-0 | 


N/A 
N/A 
N/A 
N/A 
N/A 

IA 
N/A 


SN54LS640 (J,FC) 
SNS4LS641 (J,FC) 
SN54LS642 (J,FC) 
SN54LS643 (J,FC) 
SN54LS644 (J,FC) 
SN54LS645 (J,FC) 


SN74LS640 (J,N) 
SN74LS641 (J,N) 
SN74LS642 (J,N) 
SN74LS643 (J,N) 
SN74LS644 (J,N) 
SN74LS645 (J,N) 





B1 


B2 


B3 


B4 


BS 


B6 


B7 


B8 
See TTL Data Book 





T Pin numbers shown on togic symbols are for J and N packages only. 
nc — nointernal connection. 





8-136 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


640, 641, 642 
643, 644 G45 continued 


logic symbol, ‘Ls64at logic symbol, ‘Ls643t 


3 EN1 [BA] 3 EN1 [BA] 
3 EN2 [AB} 3 EN2 [AB] 





See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8-137 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


646, 647 pin assignments 
648, 649 


OCTAL BUS TRANSCEIVERS 
AND REGISTERS 


e Bidirectional 
@ Independent registers for A 
and B busses 


typical performance 


OUTPUT 
TYPE DELAY} SOURCE TYPE 
CURRENT | CURRENT 


sw7408646 | 19 ns | 15 mA | ~24mA [SS 

sn74ise47 | 25ns{ | 12ma_| OO 

SN74LS647 | 25ns{ = — =| 24mA_ | O SN54LS647 (J,FC) SN74LS647 (JT,NT) 
| =12mA 


SN54LS648 12 mA 3.State SN54LS648 (J,FC) SN74LS648 (JT,NT) 
SN54LS649 (J,FC) SN74LS649 (JT,NT) 
SN7aL S648 3Sato [Ye 


sNsais6a9 | 25ns[ _— | 12ma | 
SN74LS649 | 25ns|  — | 24mA 


Z 
< 


SN54LS646 (J,FC) SN74LS646 (JT,NT) 


-C 
-C 


O10 
aQ;oO 


logic symbol, ‘LS646t logic symbol, ‘LS647t | 


3EN1 [BA] 
3 EN2 [AB) 





See 77L Data Book 


tPin numbers shown on logic symbols are for J, JT, and NT packages only. 
ne — no internal connection. 





8-138 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 
A a a a EE a I TT TE I OT I ETT a I I I TET TE IE PE TES, 


646, 647, 648, 649 continued 


logic symbol, ‘Lse4st logic symbol, ‘Ls64gt 


3 EN1 [BA] 
3 EN2 [AB] 


See 77TL Data Book 





TPin numbers shown on logic symbols are for J, JT, and NT packages only. 
nc — no internal connection, 





TEXAS INSTRUMENTS 8-139 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


6 51, 6 5 2 logic symbol, ‘LS651* pin assignments 


OCTAL BUS TRANSCEIVERS | J,N PACKAGES | 
AND REGISTERS 1 CAB 


2 SAB [14 87 


e Bidirectional 
@ Independent registers for A 
and B busses 


typical performance = 
210 [5 40) | 
MAX seu Bet 
OUTPUT - 
TYPE | SOURCE 72 ok 10 A7 
TYPE = 27 
CURRENT } CURRENT 
SN74LS651 24mA__ | 3-State 
SN5ALS652 State | No | 
SN74LS652| -15mA | 24mA_ | 3-State | No | 


SN54LS651 (J) SN74LS651 (J,N) 
SN54LS652 (J) SN74LS652 (J,N) 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, , 





8-140 TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


6 6 8 2 6 6 g logic symbol, ‘LS668t pin assignments 
SYNCHRONOUS 4-BIT UP/ CTRDIV10 J, N PACKAGES 


DOWN COUNTERS TOAD —e m1 (LOAD) 9 LOAL 
M2 [COUNT] }2 CLK |10 ENT 
M3 [UP} 

M4 [DOWN] 


FC, FN PACKAGES 


1400 


es 

aa 

[se fis ac 

fee [16 as 

| 7_ENP [15 RCO 

ype | COUNT|PARALLEL| TOTAL [8 GND |16 Vcc || 8 nc |18 nc | 
FREO LOAD | POWER eee 


SN54LS668 (J,FC) SN74LS668 (J,N) 
SN54LS669 (J,FC) SN74LS669 (J,N) 


EF 


@ Programmable, look-ahead 


@ Decade counter (‘LS668) 2° OC 


a 
@ Binary counter (‘LS669) E 15 Cc {13 QB 


typical performance 


O 
> 


6 7 0 pin assignments 


4-BY~-~4 REGISTER FILES 


@ 3-state outputs 
@ Simultaneous read/write 
@ Expandable to 1024 words 


typical performance C4 [WRITE] 


R EN [READ] 
ADDRESS | ENABLE | POWER/ 
TIME TIME BIT ' 
19n5_| 83m 
24 n 3m [fo end ]20_voe 
SN54LS670 (J,FC) SN74LS670 (J,N) 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8-141 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


671, 672 logic symbol, ‘LS671T 


4-BIT UNIVERSAL SHIFT 
REGISTERS/LATCHES WITH 
THREE-STATE OUTPUTS 


pin assignments 


J, N PACKAGES 


‘671 has direct SR clear 
‘672 has synchronous SR clear 


Expandable to any word length | 6D | 


Multiplexed outputs for shift SO 7_SLSER 


register or latched data 3 8 SCLR [18 QA 
: . 9 RCK 119 CASC | CASC 
Four modes of shift register 


— Inhibit clock [20 Voc _ 


— Shift right 
— Shift left 
— Parallel load 


typical performance 


POWER 
logic symbol, ‘LS672t 


SN54LS671 (J) SN74LS671 (J,N) 
SN54LS672 (J) SN74LS672 (J,N) = (12) 


See T7L Data Book 





tT Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





8-142 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


6 7 3 logic symbolt pin assignments 


16-BIT SHIFT REGISTERS | J,NPACKAGES || FC, FN PACKAGES 
e 16-bit serial-in/serial-out shift STRCLR 
register with three-state epee avy 
Lec | 
oe eve [ane ta ve 


® 16-bit parallel-out storage — MODE 
register STRCLK 
@® Converts serial to parallel 6 SER/ ee ‘ MODE/ Be 
data tlow Q15 STRCLK 
‘ SER/ 
typical performance 19 Y11}] 7 ane 21 Y10 
2 


SHIFT | TOTAL 
TOE ee ieee reve __|ai_vis 


| 

7 fio vs [22 vialfio v2 [2a vig” 

i eae S| 
| 
: 


‘Wine [25 ne 


SN54LS673 (J,FC) SN74LS673 (J,N) 


ed 
25,340 2] 90 10226 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection, 





TEXAS INSTRUMENTS 8-143 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


674 logic symbolt Pin assignments 
16-BIT SHIFT 


REGISTER 
e Performs parallel to serial 


conversion 
e Three-state outputs 
typical performance 
TYPE SHIFT | TOTAL 
FREQ | POWER 


FLS674] 20 MHz] 125 mW | =e 


SN54LS674 (J,FC) SN74LS674 (J,N) 


SER/Q15 See TTL Data Book 


6 8 1 pin assignments 


4-BIT PARALLEL [“Z-NPACKAGES | 
BINARY = B 
ACCUMULATORS 
e Contains two synchronous | 4 RSO {14 1/00 | 
registers | 5 ui/RO|is M | 
B register frequency = 20 MHz 
Arithmetic operations include 2 
B minus A and A minus B ror |19 RVLO. 

@ Bus-driving t/O ports 


typical performance 


REG4 
LOAD ; ACC 
TYPE 30,27,28D 
TIME | TIME 31,27,28D -— 
‘ [1] 21,27 7 
| ‘LS681 | | 75. ns | ns | 50 ns 32,27,28D . 
33,27,28D se 
SN54LS681 (J} SN74LS681 (J,N) — 


RI/LO (24/25)28D (2]21.277 
V7 22/23 231 Bi 
30(20/21)28D 
(3121.27 7 
32(20/21)28D 232 
23,28D 
V 25 [4]21,277 
V 24 233 
22,28D 
33(20/21)28D See TTL Data Book 





Tt Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 


aN NN | 


8.144 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


6 8 2, 683 logic symbol, ‘LS682, ‘LS684T pin assignments 


684, 685 [a NPACKAGES _|[FC, FN PACKAGES 
f : 


>o | 11 ft FeO.) 46 cPa = 
8-BIT MAGNITUDE [2 |16 aa | 
COMPARATORS 3 Q0 |13 P5 |] 3 nc | 17 P5 
4 
@ Compares two 8-bit were te 
e ‘LS682 and ‘LS683 includes 6 P2 | 6 QO {20 a5 
- | 


20-kilohm pull-up resistor 7 Q2 1/17 P7 

Samet fara [ve a7 |e ar_|27 os 

: ra as_ [19 Po 2 [23-7] 

typical performance fo GHo [20 Vee |¥0_a2_[24_o7 
| 


COMPARE| TYPE | TOTAL ii_nc [25 P=a | 
TYPE a [126328 ne 

Time | output | POWER ‘Com eee 
‘Ls682 | 14ns__| Totem Pole |210 mW | [14 GND [28 Veo | 
reséea[ 16 ns | Toiem Pare [200 mi 


SN54LS682 (J,FC) SN74LS682 (J,N) 
SN54LS683 (J,FC) SN74LS683 (J,N) 
SN54LS684 (J,FC) SN74LS684 (J,N) 
SN54LS685 (J,FC) SN74LS685 (J,N) 


See 77L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 





TEXAS INSTRUMENTS 8-145 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


6 8 6, 6 87 logic symbol, ‘LS686t pin assignments 
8-BIT MAGNITUDE , JT, NT PACKAGES) FC, FN PACKAGES 


P>a Psa [is Pa | 
COMPARATORS oe ie oa 


17 PS 


Coe 
_ 
—_ 


NO 


@ Compares two 8-bit words 


}17 PS | 

typical performance a | 
type | COMPARE TYPE | TOTAL 120 Q5 | 
TIME OuTPUT | POWER }21 PG 
rusea7| g2ns | 0-6 [220 mw 


SNS4LS686 (J,FC) SN74LS686 (JT,NT) 1 Q3 | 
SN54LS687 (J,FC) SN74LS687 (JT,NT) é 


oO 
= 
[o*] 
Bla 


~ 
mo] 
= 


20 P 
21 Qa 
=Q 


9 P2_|23 F7 
2 P3_[26 ne | 


GND [28 Vcc 


[2107 | 


= 


rm 
rm 
2 GND] 


24 Vcc 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J, JT, NT, N packages only. 
ne — no internal connection, 





8-146 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


68 8, 6 8 ) logic symbol, ‘LS6sgt pin assignments 


8-BIT MAGNITUDE Pac aces FC, FN PACKAGES 

COMPARATORS puta [tine | 

@e Compares two 8-bit words = ee 

. 3 Q0 |13 P5 3 17° P5 

typical performance ere fre 18" ne 
TYPE COMPARE TYPE TOTAL 6 P2 ac ST 70 05 

TIME OUTPUT | POWER 7 Q2 17,P7 «iL 7 P| 
200 mW roves [rear fs ar paz ae — 


ises9|  23ns |  0-c | 200 mw | [9 03 [19 P=al] 9 p2_ [23 P7 | 
: =S [jo eno fen veo[io_ae os_or 
SN54LS688 (J,FC) SN74LS688 (J,N) [it nc [25 FEO 


ne 
SN54LS689 (J,FC) SN74LS689 (J,N) 12 P3 $26 nc 
[a3 03_[27_ne 
[1s ono] 28 Voc | 


See T7L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection, 





TEXAS INSTRUMENTS 8-147 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


6 9g 0, 6 91 logic symbol, ‘LS690T pin assignments 


692, 693 
1 CCLR {11 R/C 
SYNCHRONOUS COUNTERS RCLR ae 


WITH OUTPUT REGISTERS 3A LOAD 
5 


14 8  |14 ENT | 
@ Multiplexed three-state ———— 15 c  |15 QD | 


outputs 16 ac 
4-bit counters/registers 7 ENP | 17 QB 


‘LS690, 'LS692: Decade 

counters 
10 GND |20 Vcc 

‘LS691, ‘LS693: Binary |10_ GND |20 Vcc | 


counters See 77L Data Book 


typical performance 


MAX 
TOTAL 
TYPE EAR | CLOCK 
POWER 
FREQ 


CL 
237 mW 
237 mW 


SN54LS690 (J) SN74LS690 (J,N) 
SN54LS691 (J) SN74LS691 (J,N) 
SN54LS692 (J) SN74LS692 (J,N) 
SN54LS693 (J) SN74LS693 (J,N) 


logic symbol, ‘LS692T 


M1 [LOAD] M1 [LOAD] 
M2 [COUNT] M2 [COUNT] 
3CT=9 


> C5/2,3,4+ 





T Pin numbers shown on logic symbols are for J and N packages only. 
nce — no internal connection. 





8-148 TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


69 6, 6 9] pin assignments 
698, 699 


SYNCHRONOUS UP/DOWN 
COUNTERS WITH OUTPUT 
REGISTERS, MULTIPLEXED 
THREE-STATE OUTPUTS 


@ 4-bit counters/registers 


e ‘LS696, ‘LS698: Decade 18 QA 
counters 
© ‘LS697, ‘LS699: Binary 


counters 


typical performance 


MAX 
TOTAL 
TYPE | CLOCK | CLEAR 
POWER 
FREQ 


SN54LS696 (J) SN74LS696 (J,N) 
SN54LS697 (J) SN74LS697 (J,N) 
SN54LS698 (J) SN74LS698 (J,N) 
SN54LS699 (J) SN74LS699 (J,N) 


logic symbol, ‘LS696T logic symbol, ‘LS697t 





See T7L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8-149 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


696, 697, 698, 699 continue 


logic symbol, ‘LS698t logic symbol, ‘LS699T 


CTRDIV10 
7R8 


M1 [LOAD] M1 [LOAD] 
M2 [COUNT] M2 [COUNT] 
M3 [UP] iD 


See TTL Data Book 


9 0 0 logic symbolt - pin assignments 


TRIPLE 4-INPUT AND/NAND 


(1) 
DRIVERS 


Pra [a az] 
typical performance | 3 2B [13 22 | 
LOW- HIGH- | 5 2D |15 12 

LEVEL LEVEL | POWER/ 


TYPE 
OUTPUT | OUTPUT | GATE 
CURRENT | CURRENT 


p330}19 1 
SN54AS800 id GND] 20 Veo 
SN74AS800 | 48 mA 


SN54AS800 (J,FC) SN74AS800 (J,N,FN) 


228 [12 BY 
326 [13 22 
4 


2 
5 3A 
Z = ABCD 738 
g 3 
[1910 | 
10 GND | 20: Vice 


positive logic: Y = ABCD 





See TTL Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





8-150 TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 

























§ 0 2 logic symbolt 


(1) 


pin assignments 















TRIPLE 4-INPUT OR/NOR 1A J, N PACKAGES 
18 “ 
LINE DRIVERS 
| re 
typical performance 1D 12 








2A 
2B 2Y [5 2D [15 12 | 


POWER/ 











TYPE 









OUTPUT | OUTPUT | GATE a 22 
CURRENT] CURRENT a 
: 


32 


FC, FN PACKAGES 
1 1A 11 32 
. : 2 2a |12 3Y | 
positive logic: Y = A+B+C+D 

3 2B 13 22 


Z = At+B+C+D 4 2C 


Pera 
6 3A_|16 1¥_| 
7/38 |17 1B | 
8 3 
119 1D_| 


See TTL Data Book 10 GND 


SN54AS802 (J,FC) SN74AS802 (J,N.FN) 2p 


i?) 





wo ol 
w N 
Oo Oo 


8 04 logic symbolt pin assignments 


yal J, N PACKAGES 
HEX 2-INPUT NAND DRIVERS ae 7 1A [it av 


typical performance 2A 12 4A 


1348 
3y 

rey [16 58 
ay 


5Y Mace 
10 GND[20 Voc 


FC, FN PACKAGES 








= 
< 





3A 
3B 
4A 
4B 
5A 
5B 
6A 
6B 


POWER/ 




















OUTPUT | OUTPUT 
CURRENT] CURRENT 
Tsneaatsaoa] 12ma | rama || 
sw7aatseos| 2ama | —tsma || 





















1 =1A 11 4Y 
SNS4ALS804 (J,FC)  SN74ALS804 (J,N,FN) 
SN54AS804 (J,FC) - SN74AS804 (J,N,FN) ae 





positive logic: Y = AB 









See T7L Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection. 





TEXAS INSTRUMENTS | 8-151 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


8 0 5 logic symbolt pin assignments 
HEX 2-INPUT NOR DRIVERS (1) 


. 4Y 
typical performance p1tA 1 


POWER/ 
DELAY 
OUTPUT | OUTPUT GATE 


Tsnseatse0s | 12ma | —12ma || 


[su7aacsaos | 24ma_[—1sma | | 


SN54ALS805 (J,FC) SN74ALS805 (J,N,FN) 
SN54AS805 (J,FC) SN74AS805 (J,N,FN) positive logic: Y = A+B 


See TTL Data Book 10 GND 


8 0 8 logic symbol? pin assignments 
x [SN PACKAGES | 
HEX 2-INPUT AND DRIVERS Ty 4a [ii ay | 


typical performance 2 1B 


2 18 
OUTPUT | OUTPUT GATE : 
CURRENT |CURRENT 


[SNGAALSBOG] 12mA | —12ma | |__| 
1 


DELAY 
[SN7sALse08 | 24mA_[ tema |__| 
34m 


SN74AS808 | 48mA | —48mA | | 34 mW | 


SN54ALS808 (J,FC) SN74ALS808 (J,N,FN) 
SN54AS808 (J,FC) SN74AS808 (J,N,FN) positive logic: Y = AB 


See 7TL Data Book 





T Pin numbers shown on togic symbols are for J and N packages only. 
ne — no internal connection, 





8-152 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


832 ; logic symbolt 


(1) 


HEX 2-INPUT OR DRIVERS 


typical performance 


SN54ALS832 (J,FC) SN74ALS832 (J,N,FN) 


SN54AS832 (J,FC) SN74AS832 (J,N,FN) positive logic: Y = A+B 


See TTL Data Book 


8 57 logic symbo!t 


HEX 2-TO-1 UNIVERSAL 

MULTIPLEXER 

@ Three-state buffer-type 
outputs 

@ True or complementary 
data 


SN54ALS857 (J,FC) SN74ALS857 (JT,NT,FN) 
SN54AS857 (J,FC) SN74AS857 (JT,NT,FN) 


See 77TL Data Book 


T Pin numbers shown on logic symbols are for J, JT and NT packages only, 


nc — no internal connection, 





PRODUCT GUIDE 


pin assignments 


Tsay [1348] 


| FC, FN PACKAGES | FN PACKAGES 


11 4Y 


Sota 
[218 [12 4a 


| 3 iy 413 48 
| 4 2a | 14 sy 
| 5 28 [15 5A 
| 6 2v [16 58 
| 7 3a_[17_6y 
8 38 [18 6A 


20 Vee 


pin assignments 


144 
16_ 4A 
17_5Y 


20 nc 











TEXAS INSTRUMENTS 


INCORPORATED | 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


8-153 


PRODUCT GUIDE 


8 67, 8 6 g logic symbol ‘AS867T pin assignments 


8-BIT SYNCHRONOUS CTRDIV 256 
BIDIRECTIONAL COUNTERS 


‘AS867 has asynchronous clear 

‘AS869 has synchronous clear 

Ripple carry output for N-bit 
cascading 

Fully programmable with synchronous 
counting and loading 


FUNCTION TABLE ENT |23 ENP | 
12 GN 4 NV 
SGNEAON 
Q 


Clear 
Count Down 
Load 
Count Up 


Supersedes table in 7987 Supplement to TTL Data Book 


SN54AS867 (J,FC) SN74AS867 (J,JT,NT) 
SN54AS869 (J,FC) SN74AS869 (J,JT,NT) 


13 ENT]27 ENP 
14 GND| 28 Vcc 


See T7L Data Book 





T Pin numbers shown on logic symbols are for J, JT and NT packages only. 
ne — no internal connection, 





8-154 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8 70 logic symbolt 


DUAL 16-BY-4 REGISTER 
FILES 


e Each register file has individual 
write/enable controls and 
address lines 

® Has two 4-bit data I/O ports 

@ 24-pin 300-mil package 


SN54AS870 (J,FC) co/G10 
SN74AS870 (JT,NT,FN) C1/G11 
C2 [Ain] 
EN12 [Aout] 


C3 [Bin] 
EN13 [Bout] 


PRODUCT GUIDE 


ee I a a TIE TS TIE IT TE TE TT TET TI TTEH, 


[REG FILE 16 X 4] 


RAM 16 X 1 
[REG 1] 


1A,0,2(1/3)4D 
1A,1,3,4D 


RAM 16 X 1 
[REG 2] 


2A,0,2(T/3)4D 
2A,1,3,4D 


(14) poB2 
(15) pops 


See TTL Data Book 


tT Pin numbers shown on logic symbols are for J, JT and NT packages only. 


nce — no internal connection, 


pin assignments 


[1 so |13_past| 
16 WwW jis 2 


[8 paai}20 2a1 | 


[11 paa4|23 si_| 


| 1 so [15 pass] 














TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-155 


PRODUCT GUIDE 












logic symbolt 


871 


DUAL 16-BY-4 REGISTER 
FILES saot4? 











(5) 
e Each register file has individual . (6) 
1 
write/enable controls and 7) 
1A3_| 

address lines ono (21) 
e@ Has one 4-bit data |/O port; 2a1(22) 
the other 4-bit data word has 2a2_(23) 
individual data inputs and 2A3_(24) 


data outputs 
@ 28-pin, 600-mil package 


~ §N54AS871 (J,FC) = 
SN74AS871 (J,N,FN) $3 































2A 


3 


C0/G10 
C1/G11 









15 







C2 [Ain] 


EN12 [Aout] 


C3 [Bin 


EN13 [Bout] 


J 


[REG1} 


~ RAM 16X1 
[REG 2] 


2A,1,3,AD 


t Pin numbers shown on logic symbols are for J and N packages only. 
ne — nointerna!l connection, 









(REG FILE 16 X 4] 













RAM 16 X 1 










2A,0,2(1/3)4D 






See TTL Data Book 


(16) DOB2 






pin assignments 


|_J,NPACKAGES | 
1 DA1 [15 DOB 
116 DQ | 
| 3.so. {17 DaB 
| 5 1A1_ |19 s3__ | 
|g ww f22 2a1 
}11 aa2 |25 si_| 
13 QA4 
1 DAI 
2_DA2 
4 1A0 


119 S3_ 
20 2W 
7_1A3 
8 1W 
9 S2 
0 aAi | 24 203 | 


1.QA2 [25 s1_ | 
2 QA3 



















al 



















NO 


























8-156 TEXAS INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


INCORPORATED 


PRODUCT GUIDE 


873 logic symbol? pin assignments 


DUAL 4-BIT D-TYPE LATCHES poo orocee 


CLR 
2 
5 
1 
11. 20C 


® Three-state buffer-type outputs CLR 

drive bus lines directly |3 101 | 15 204 | 

@ Each 4-bit word has enable, 

clear, and output control [6 104 | 18 201 | 

inputs 

; 
typical performance — 9 203 | a Aas 

[10 204 | 22 101 | 24103 

24 Vcc 26 101 


SN54ALS873 (J,FC) SN74ALS873 (JT,NT,FN) erIe 


SN54AS873 (J,FC) SN74AS873 (JT,NT,FN) 


-_ j awd 


—_ 
A] — 


See 77TL Data Book 


874 ws pin assignments 


DUAL 4-BIT D-TYPE EDGE- 

TRIGGERED FLIP-FLOPS 

@ Three-state buffer-type outputs 

@ Each 4-bit word has clock, clear, 
and output control inputs 


typical performance 


DATA TIMES 
TYPE 
HO 
: 50 MHz |86. 


N54ALS874 | 50 MHz | 86.7 mw 


[is 20e [27 ToL 
[4 GNo | 28 Veo 


t Rising edge of clock pulse 


SN54ALS874 (J,FC) SN74ALS874 (JT,NT,FN) 
SN54AS874 (J,FC) SN74AS874 (JT,NT,FN) 





See TTL Data Book 





T Pin numbers shown on logic symbols are for J, JT and NT packages only. 
nc — no internal connection, 





TEXAS INSTRUMENTS 8-157 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


876 | logic symbol pin assignments 


— (2 
10c 22! 


1CLK 


1PRE | 2 10C | 
p 3 101 | 


DUAL 4-BIT D-TYPE EDGE- 
TRIGGERED FLIP-FLOPS 
WITH INVERTED OUTPUTS 


e Three-state buffer-type outputs 1D1 16 203 


drive bus lines directly aD2 10 17_ 202 
1D3 


1D4 | 7 201 | 201 
preset, and output control inputs 8 2D2 | 20 103 
21 102 


—_ 
w 
: 


@ Each 4-bit word has own clock, 


typical performance 20C 


2CLK 
DATA TIMES cay ria 20¢ | 
TYPE SET- iis = a ar MEY 
SET Troup os 18) [2 Sno] 24 Vee 


= FC,FN KAGE 
SNS*ALS676 [60 MHz [86.7 mW an ; Carne [is FR 
SN74ALS876 86.7 mW = 16_20uk 


3 1D1 | 17 204 
t Rising edge of clock pulse | 3101 ra 
g edg p 4 1D2 | 18 203 


oO rs 
-_ N 
QO (?) 
f~ —- 
A A 


SN54ALS876 (J,FC) SN74ALS876 (JT,NT,FN) 
SN54AS876 (J,FC) SN74AS876 (JT,NT,FN) 


4 103 


See T7L Data Book 


nN NEN 
—=1|O 


8 Vcc 


977 logic symbolt pin assignments 


FC, FN PACKAGES 


[15 08 | 
[19 nc 
[20 nc 
}21_ Bs 
[8 AS [22 Ba | 
[9 Aa | 


9 AG | [2383 | 
[to A7_| 22 seERIN||10 As |24 82 
23 cuk |[11 as [25 81 | 

[27 CLK | 


8-BIT UNIVERSAL {PORT CONTROLLER] | JT, NT, FN — 


b 
2 


‘ TRANSCEIVER/PORT 
CONTROLLERS 


14 B8 


[2 st | 
| 3 s2_ | 15 87 
P4 Ai | 
| 6 A3 | 


ié*) 
2) 
N) 


16 B6 


[5 A2_|17_ 85 


18 B4 


@ 8setectable transceiver/port 
functions 


~ 
> 
N 


@ 3-state buffer-type outputs 
drive bus lines directly 20 B2 
e 24-pin 300-mil package 


SN54AS877 (J,FC) 


SN74AS877 (JT,NT,FN) : }12__ GND | 


ig_AB_[27_CLR 


| 
{14 GND[28 Vcc | Vcc 





See TTL Data Book 





T Pin numbers shown on logic symbols are for J, JT and NT packages only, 
nce — no internal connection, 





8.158 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


8 8 0 logic symbol? pin assignments 


DUAL 4-BIT D-TYPE LATCHES 10¢ 2! 


WITH INVERTED OUTPUTS 1¢ 
IPRE 
@ Three-state buffer-type outputs 


drive bus lines directly e 
e Each 4-bit word has enable, | § 103 |i7 202 _ _ 
preset, and output control 1D3 0 ee 
inputs [8 202 |20 103 || @ 104 | 22 201 _| 
[type [oureut|pevav|power| jc Pir 20t [2316 [11 203 | 25 102 


‘ALS880 88 mW - [12 GND |24 Vcc |] 12 204 | 26 101 | 
| ‘ALS880] = Q_—_| 11.5ns | 88 mW | . a eee 
SN54ALS880 (J,FC) SN74ALS880 (JT,NT,FN) a 
SN54AS880 (J,FC) SN74AS880 (JT,NT,FEN) a 


See 77L Data Book 


8 81 pin assignments 


ARITHMETIC LOGIC UNITS/ 
FUNCTION GENERATORS 


e@ 4-bit ALU'’s/Function 
Generators 

@ Same operating modes as 
‘AS181, ‘S181 expanded to 
include status register checks 


typical performance 


rype [CARRY| 16-BIT | TOTAL 
TIME {ADD TIME| POWER 
‘AS881 20ns | 560 mw 


SN54AS881 (J,FC) 
SN74AS881 (JT,NT,FN) 


See TTL Data Book 





T Pin numbers shown on logic symbols are for J, JT and NT packages only. 
ne — no internal connection. 


a a a a eT NR 


TEXAS INSTRUMENTS 8-159 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


882 


32-BIT LOOK-AHEAD 
CARRY GENERATORS 


e Directly compatible with 
‘AS181, ‘AS881, and 
‘S181 ALU’‘s 


typical performance 


CARRY 
TYPE A TOTAL 
TIME | POWER | 


’Asee2 | 8ns__ [325 mw, 


SN54AS882 (J,FC) 
SN74AS882 (JT,NT,FN) 


885 


8-BIT MAGNITUDE 
COMPARATORS 


@ Choice of logical or arithmetic 


comparisons 
@ Latchable P input ports; 
power clear 


SN54AS885 (J,FC) 
SN74AS885 (JT,NT,FN) 


logic symboit 


See TTL Data Book 


logic symboit 


COMP 


M [LOGIC] 
a M [ARITH, 2s COMP} 


See 77L Data Book 


T Pin numbers shown on logic symbols are for J, JT and NT packages only, 


neo — no internal connection, 





8-160 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 





pin assignments 


J, JT, NT PACKAGES 


FC, FN PACKAGES 


13 Cnsi6 
14 GNO_ 128 Vcc 


pin assignments 


(i, st, NT PACKAGES || FC, FNPACKAGES | 
Tr UA [13 P>douell 1 LR [15 P>dour| 
Tz Poin [14 P<Oour|] 2 P<ain [16 _PcOout| 
Ts Poainfis ro |f3s Pain |i7 Po__| 
}4 a7 fig Pista 7 fig Pt 
Ts a6 [17 p2 {fs re |19 ne | 
6 a5 frees | 6 ne [20 ne 

7 a8 [19 ea ff 7 a6 [21 po 


|g a3 |20 p58 os 22 Ps 


9 02 {21 Pe —iii9 4/23 Pa 
fro at t22 p70. 03a Ps 
Cirag fs PLE [ins a2 (os pe | 
[12 end [24 veo |h2 a1 [ac »7 | 

13 Qo [27 PLE 
4 ono [28 veo 





PRODUCT GUIDE 


Sa ae a a I I IT EE TT PI I NED ES TT TPE ESET IETS IIL IOS E EN ES TTA TCT ETE 


8 G4 pin assignments 


EXPANDABLE MULTI-FUNCTION 











J, JT, NT PACKAGES 


FC, FN PACKAGES 










































BINARY/HEXADECIMAL SCALERS Piso [iz an ft so [1s aD 
2 sviRS [ta ac if 2 S¥AS [16 ac 
esi (is os. Se ion | 

© Buffer-type outputs [a anmS|16 GA [4 AneG|t@ OA 

© 100 MHz typical shift rate 17 CAO || Sve [19 ne 
Pes [18 DBO || 6 nc [20 nc 
SN54AS894 (J,FC) SN74AS894 (JT,NT,FN) {is ogo fe 21 Gi/AO 
logic symbolt feo joc [ee [22 080 _| 
STEER Renna Fd Ei | 
oe £20) ed ena SRG4 10 Attico| 22 Ovizerol[io Oo [24 OC 
awa fit Bri/bo| 23 CLK [11 TRO [25 CLR 
rel ie? Gel | a fiz Guo [24 Veo [12 Ar/G|28 OVIZERO 
(3) eM = BLOW FUSE [13 B1/Do|27 CLK 
$1 ai 1 3 FOR MSP 14 GND 
SY/AS oa Ms [SYNC] 
ag CG A 
_ 44) [ASYNC SCALE] M12 [MSP] 
AR/LG eR M7 ([ARITH} 
(21) _ [LOGIC] 
CLR oO 
CLK 3) 
(16) 
s 0(8/12)9D Qa 
A 2,9D 
3,9D 
0,6D (19) Vis 
Rt/LO 
ay 1,6D 
C*1i/AO 2,6D 
6 
B (6) 
(15) Op 
—~— (18) 
D*t/BO 
C (7) 
(14) 
Qc 
as cet f10) 
A*l/CO 
(8) 
D (9) Since publication of the 1987 Supple- 
Li/RO ment to the TTL Data Book, several 
changes in nomenclature have been made. 
(11) i] 226 —— The actua! device has not changed. 
B*I/DO Several pin names have been changed 
(13) and the shift in the direction Qa, to- 
Qp wards Op is designated right instead of 
bcd (22) 
10,12 OV/ZERO 
See 77L Data Book 
t Pin numbers shown on logic symbols are for J, JT, NT, and N packages only. 
nc — no internal connection, , 
TEXAS INSTRUMENTS 8-161 
INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 






















pin assignments 









logic symbolt 


1000 


QUAD 2-INPUT NAND GATES 
































[1 tA_ | 8 3y | 

@ Increased output drive capability 
: 13 1Y | 10 38 

ci aiatats 14 2A | 2A 41 4Y | 4Y 

typical performance 

fe 2v [13 458 

pel oe 17 GND | GND 114 Vcc} Vcc 






LEVEL LEVEL 
OUTPUT | OUTPUT 
CURRENT | CURRENT 








POWER/ 
GATE 






TYPE 





DELAY 










FC, FN PACKAGES 
1 3Y 





SN54ALS1000| 12mA 2 — | zune az ne 
|SNS4ALS1000} 12mA | -1ma | 4ns_| 3mW positive logie: Y = AB Ea Ee 
SN74ALS1000 | 24mA_ | -2.6mA | 4ns_| 3mW_| 


5 TY 15 3B 







SN54ALS1000 (J,FC) SN74ALS1000 (J,N,FN) 6 2A |16 4Y 
7 2B {17 nc 


18 onc | ne 1B 4A | 4A 
See 7TL Data Book 


pin assignments 
















logic symbol? 





1002 


QUAD 2-INPUT NOR BUFFER GATES 





@ Increased output drive capability 
over ‘LSO2 


typical performance 


POWER/ 
DELAY 
OUTPUT | OUTPUT GATE 












ry ne [11 3A 
rata [16 ne 
rs 18 [15 ay 
ea 
re 28 [as ay 





TSnsaatsvo02| 12ma | —1ma | ans_| mW | 
Psn74atsyoo2] 24ma_| -26mA | Ans | 4m 


SN54ALS1002 (J,FC) SN74ALS1002 (J,N,FN) 















See 7T7L Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 
nc — nao internal connection, 





8-162 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


PRODUCT GUIDE 





1 0 0 3 logic symbolt pin assignments 


FC, FN PACKAGES 







QUAD 2-INPUT NAND 
BUFFER GATES WITH 
OPEN-COLLECTOR OUTPUTS 








@ Increased drive capability over 
‘LSO3 







typical performance 









LOW- 






HIGH- 

























LEVEL | LEVEL | | ,\,|POWER/ 
OUTPUT | OUTPUT GATE — | 2 nc [12 ne 






positive logic: Y = AB 







VOLTAGE | CURRENT 418 114 ne! 





SN54ALS1003 (J,FC) SN74ALS1003 (J,N,FN) 







See 77L Data Book 





1004 logic symbolt pin assignments 
(1) | JN PACKAGES || FC, FN PACKAGES 
aay ft 1A 
115A 
Y 
A 
C 


HEX INVERTER 
BUFFER GATES 


@ Functionally and pin-for-pin compatible 


C8 ay 
fay [11 5a | 


| 


with TTL counterparts 


typical performance 
Low. HIGH- 
LEVEL LEVEL positive logic: Y=A 
OUTPUT | OUTPUT 





CURRENT | CURRENT 


SNSGALSI004 
SN74ALS1004 


SN54ALS1004 (J,FC) SN74ALS1004 (J,N,FN) See TTL Data Book 





1 0 0 5 logic symbolt pin assignments 
| (1) 


HEX INVERTER 
BUFFER GATES 
WITH OPEN-COLLECTOR 


OUTPUTS 
® Functionally and pin-for-pin compatible 


with TTL counterparts 
typical performance 


LOW- HIGH- 
LEVEL LEVEL 
OUTPUT | OUTPUT 
CURRENT | CURRENT 


SNSAALSI00S 
SN74ALS1005 


SN54ALS1005 (J,FC) = SN74ALS1005 (J,N,FN) See TTL Data Book 


positive logic: Y=A 


T Pin numbers shown on logic symbols are for J and N packages only. 


ne — no internal connection. 











TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-163 


PRODUCT GUIDE 


100 8 logic symbolt 
QUADRUPLE 2-INPUT 
POSITIVE-AND BUFFER 
GATES 
@ Functionally and pin-for-pin compatible with 
TTL counterparts 


typical performance 


TYPE 
OUTPUT | OUTPUT 


CURRENT | CURRENT 


SN54ALS1008 (J,FC) SN74ALS1008 (J,N,FN) See 7TL Data Book 


1010 logic symbolt 
TRIPLE 3-INPUT POSITIVE-NAND (1) 
BUFFER GATES 


® Functionally and pin-for-pin compatible with 


positive logic: Y = AB 


TTL counterparts 
typical performance 


LOW- HIGH- 
LEVEL LEVEL 
OUTPUT | OUTPUT 
CURRENT | CURRENT 


SNEGALSTOTO 
SN74ALS1010 positive logic: Y = ABC 


SN54ALS1010 (J,FC) SN74ALS1010 (J,N,FN) See TTL Data Book 


1011 
TRIPLE 3-INPUT POSITIVE-AND 
BUFFER GATES 
e@ Functionally and pin-for-pin compatible with 
TTL counterparts 
typical performance 
LOW- HIGH- 
LEVEL LEVEL 
OUTPUT | OUTPUT 
CURRENT | CURRENT 


SN54ALS1011 


SN54ALS1011 (J, FC) SN74ALS1011 (J,N,FN) 


TYPE 


positive logic: Y = ABC 


See TTL Data Book 


T Pin numbers shown on logic symbols are for J and N packages only. 
ne — nointernal connection, 





8-164 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


pin assignments 


[a NPACKAGES || FC, FN PACKAGES | 
[1 1A | 8 3Y I]t nc [11 3Y_| 
1s | 9 34 2 nef 12 ne 
rsty [io 3a 3 1a [13 3a 
[faze [tay |e 18 [14 ne 
rs 28 [12 4a [sty [16 38 
(6 2Y_ [13 4B if 6 2A [16 4Y | 
[7 Gno |14 Vogl] 728 [17 ne | 

8 nc [18 4A | 

(9 2¥ {19 48 | 


[fo sno] 20" vce. 


pin assignments 


Ta, NPAGKAGES [| FC, FN PACKAGES | 
a8 ay [1 1A [11 we 


}2_18 | 9 3A 


12 3Y 


[32a {10 38 [} 3 nc {13 ne _| 


[4 28 [11 3c | 
Pazera | 
[6 2¥_ {13 1c | 
7 eno [14 veo] 

| 


pin assignments 


J, NPACKAGES 


[9 3A | 
}3 2A | 10 38 


7 GND] 14 Vcc 


4 1B 414 nc _| 
[6 28/16 38 | 
PB nc {18 1V_| 
fio eno] 20 veg, 


FC, FN PACKAGES 


| 8 onc | 


_ 
1¥.¢] 


ow 





PRODUCT GUIDE 


10 2 0 logic symbolt pin assignments 


DUAL 4-INPUT NAND BUFFER GATES 
2y [| tine [11 ne] 
|3 1A [13 ne _| 


@® Functionally and pin-for-pin compatible 
with TTL counterparts 


typical performance 


LOW- | HIGH- 
LEVEL | LEVEL 

OUTPUT | OUTPUT 
CURRENT | CURRENT 





positive logic: Y = ABCD 


SN54ALS81020 (J,FC) SN74ALS1020 (J,N,FN) 


See TTL Data Book 


10 3 2 logic symbol* pin assignments 


QUADRUPLE 2-INPUT POSITIVE-OR EOC CES eee 
BUFFER GATE 


@ Functionally and pin-for-pin compatible 
with TTL counterparts 


typical performance 


LOW- HIGH- 
LEVEL LEVEL 


OUTPUT | OUTPUT 70 V 
CURRENT] CURRENT 


SN74ALS1032 


SN54ALS1032 (J,FC) SN74ALS1032 (J,N,FN) 





See 77L Data Book 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





TEXAS INSTRUMENTS 8-165 


INCORPORATED 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


PRODUCT GUIDE 








8-166 





F P’ALS16 L8 : functional block diagram 
FIELD-PROGRAMMABLE- 
LOGIC, FIXED-OR ARRAYS 


typical performance 









01 
TYPE DELAY ilies 
POWER 1/00 
‘ALSI6L8 550 mW 

1/01 

ad Octal 16-input AND-OR-INVERT 
gate array 1/02 
pin assignments be 
1/04 
1/05 





See Page 5-3 


FP54ALS16L8 (J,FC) FP74ALS16L8 (J,N,FN) 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


- P’A LS16 R4 functional block diagram 


FIELD-PROGRAMMABLE a 
LOGIC, FIXED-OR ARRAYS OE OF EN2 
> C1 
typical performance 
TYPE DELAY 


‘ALS16R4 12 ns 


® Quad 16-input registered 
AND-OR gate array 


pin assignments 


— PACKAGES _[[Fc, EN PACKAGES! 
Ta cuk [at Of [1 cux [a1 oF | 
210 fa voa|| 210 [121705] 
3 it [13 voz 3 1 113 1/02) 
[4 12 [14 03 Pa i2_ [14 03 | 
pa Ue 3 1 oe 


Se ae Le ea ee 
| 8 ie [18 voi] s ig | 18 1/01] 
| 9 17 |19 Oo]] 9 17 | 19 1/00] 
[io eno] 20 vegl[10_ end | 20 veo] 


_ FPS4ALS16R4 (J,FC) FP74ALSR4 (J,N,FN) 


See Page 5-3 








TEXAS INSTRUMENTS 8-167 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


F P’ALS16 R6 functional block diagram 


FIELD-PROGRAMMABLE OE 
LOGIC, FIXED-OR ARRAYS 


. 


typical performance 


T 
TYPE DELAY vila 
POWER 


e Hex 16-input registered AND- 
OR gate array 


pin assignments 


|_J,NPACKAGES |] FC, FN PACKAGES, 
|v cik} 11 Oe |} 1 cuk} it oc | 
|) 2 10 [12 worl] 2 0 [12 vor] 
3m [13 05 3 1 [13 05 
| 412 [14 04 4 i2_ [14 04 | 
[15 03 fs 13° {15 03 | 


JUD 


2 
V 
mary 

| 


; 


Wh oe oth ae oe ae 
t 
qJ 


| 6 4 {16 02 |e 4 [16 02 | 
P76 [47 01 7 is [17 01 | 
| 8 i6 [ig oo | a ic [18 00 | 
| 9 17 |19 vool] 9 17 [19 100] 
[10 Gnd] 20 Vecl{1o_GNo{20_vcc| vane 


FP54ALS16R6 (J,FC) | FP74ALS16R6 (J,N,FN)  Gendtestosed inputs: 
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INCORPORATED 
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PRODUCT GUIDE 


FP’ALS16R8 functional block diagram 


FIELD-PROGRAMMABLE OE 
LOGIC, FIXED-OR ARRAYS 


typical performance 


TOTAL 

TYPE |DELAY 
POWER 
‘ALS16R8 575 mW 


@® Octal 16-input registered AND-OR 
gate array 


pin assignments 


J, N PACKAGES 
1_CLK 
12 0 
13 0 


3 


JUV 


—_ 
ro) 
O 
ra) 


See Page 5-3 ~ denotes fused inputs. 


pa 
P64 | 
| 8 16 | 
9 7 





9 17 
10 GND| 20 Vc 


FP54ALSI6R8 (J,FC) FP74ALS16R8 (J,N,FN) 
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INCORPORATED 
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PRODUCT GUIDE 





FP'LS333, FP’LS335 
FIELD-PROGRAMMABLE 
LOGIC SEQUENCERS 


typical performance 


POWER 
sass | 45ne | 350 mw] 


e FP‘LS333 — three-state 
outputs 

@ FP’‘LS335 — open-collector 
outputs 










12 input variables 
| 32 product terms 
6-bit output latch 
4-bit state register 


Pin assignments 





functional block diagram 


LE 
CE1 


10 - 110 
CE2/111 





~ denotes fused inputs. : , 
* '1$333 has 3-state (\/) outputs; ‘LS$335 has open-collector (OD) outputs, 


FP54LS333 (J,FC) FP74LS333 (JT,NT,FN) 
FP54LS335 (J,FC) FP74LS335 (JT,NT,FN) See hand 642 


nce — no internal connection. 





8-170 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OF FICE BOX 225012 @ DALLAS, TEXAS 75265 


FP’AS839, FP’AS840 


FIELD-PROGRAMMABLE 
LOGIC ARRAYS 


typical performance 


TOTAL 

| TYPE | DELAY 
POWER 
‘AS839 | 10ns | 725mWw 
‘AS840 725 mW 


e FP’‘AS839 — three-state 
outputs 

e FP‘AS840 — open-collector 
outputs 

@e Programmable output 


polarity 


Pin assignments 


J, JT, NT PACKAGES|| FC, FN PACKAGES 


FE 
rar 
11 F4 


ae 


6 
3 
2 
c 


iw) _ 
©] 0 
ny 
oj— 


NO 
NO 


| 
{ 
| 
F 


= 
N 


12 GND/ 24 Vcc 


n 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


— | a 
& [Go 
G@) 
Pad 
Oo 


FP54AS839 (J,FC) 
FP54AS840 (J,FC) 


ne — no internal connection, 





functional block diagram 


~ denotes fused inputs, 


PRODUCT GUIDE 


* ‘'AS839 has 3-state (VJ) outputs; ‘AS840 has open-collector (O) outputs, 


FP74AS839 (JT,NT,FN) 
FP74AS840 (JT,NT,FN) 


See Page 5-16 
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8-171 





PRODUCT GUIDE 









TBP14S10 ('S287) 


PROGRAMMABLE READ-ONLY 
MEMORIES 

e@ 256xX4 

e Three-state outputs 


Typical address access time 
...- 42ns 
Typical power... 500 mW 





TBPI4SA10 ('S387) 





MEMORIES 


e 256X4 

Open-collector outputs 

Typical address access time 
...42ns 

Typical power... 500 mW 


TBP18$22 ('S471) 


PROGRAMMABLE READ-ONLY 
MEMORIES 


256 X8 
Three-state outputs 








Typical address access time 
... 50 ns 
e Typical power...550 mW 
















PROGRAMMABLE READ-ONLY 


logic symbolt 


PROM 256 X 4 


See Page 2-7 





PROM 256 X 4 


See Page 2-7? 


logic symbolt 


PROM 256 X 8 


See Page 2-7 


T Pin numbers shown on logic symbols are for J and N packages only. 


nc — no internal connection. 





8-172 


TEXAS INSTRUMENTS 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 











contact the factory. 






pin assignments 






J,N PACKAGES 


FC, FN PACKAGES 



























ee 
| 2 a5 |10 02 || 2 as [12 03 | 
3 Aa [11 a7 {fT 3 As 
f4 as {12 00 [f 4 aa [ia an | 
5 ao [13 Gi ffs a3 
|6 At {14 G2 |[ 6 ao 
}7 a2 _|15 a7 It 7 at 
fe no] 16 veel] 8 a2 

| 

| 


ak 
=] 
fe) 





10 GND 








pin assignments 


















pin assignments 


re a0 | 16 G2 


For chip carrier options and information, 






PRODUCT GUIDE 


TBP18SA22 ('S470) logic symbol pin assignments 


PROGRAMMABLE READ-ONLY PROM 256 X 8 |_J,NPACKAGES | 
256 X 8 
}14_Q7 | 


Open-collector outputs 14. Q7 

Typical address access time 
... 50 ns [6 a0 | 16 G2 

Typical power... 550 mW 


Fro _cnb | 20 ves} 


For chip carrier options and information, 
contact the factory. 


See Page 2-7 


TB P18S03 0 (‘S28 8) logic symbolt pin assignments 


PROGRAMMABLE READ-ONLY PROM 32 X 8 | J, NPACKAGES |{ FC, FN PACKAGES| 
MEMORIES | 1 ao | 9 a7 [11 ao [117 | 

| 2 a1 [10 ao [| 2 a1 112 ~0 | 
eons Pa a2 far at |] 3 ne [13 ne_] 
e Three-state outputs 12 A2 


@ Typical address access time [5 04 | 


... 25 ns | 605 | 


@ Typical power... 400 mW ‘4 


TBP18SA030 ('S188) 


PROGRAMMABLE READ-ONLY 

MEMORIES 

e@ 32X8 

@® Open-collector outputs 

® Typical address access time 
...25ns 

® Typical power,..400 mW 


| 
J10_GNO| 20_Vec!| 





See Page 2-7 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





TEXAS INSTRUMENTS 


INCORPORATED 


8-173 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


TB P18S42 (S472) logic symbol? pin assignments 


PROGRAMMABLE READ-ONLY PROM 512 X8 
MEMORIES (1) 


A2 13 Q6 
@ Three-state outputs 
@ Typical address access time ei 
... 55 ns oa | 6 00 | 16 AS | 
@ Typical power ...600 mW 
10 GND} 20 Vcc 


For chip carrier options and information, 
contact the factory. 


See Page 2-7 


TB P18SA42 (S473) pin assignments 


PROGRAMMABLE READ-ONLY 
MEMORIES 0 
512 X8 
Open-collector outputs 
Typical address access time 
123 SONS 
Typical power... 600 mW 


For chip carrier options and information, 
contact the factory. | 


TBP18S46 (S474) logic symbolt pin assignments 


PROGRAMMABLE READ-ONLY (8) ausenehness 


EMORIES oa 
" Al 


512 X8 | A2 
Three-state outputs A3 
Typical address access time A4 


...-55Nns A5 
A6 
A7 
A8 
G4 
G3 
G2 


G1 


Typical power... 600 mW 


For chip carrier options and information, 
contact the factory. 


See Page 2-7 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





8.174 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


TB P18SA46 ('S475) logic symboit pin assignments 


PROM 512 X 8 
PROGRAMMABLE READ-ONLY no 8! ‘ 
2 AG 
512 X8 Ko 

[3 as | 15 a5 | 
Open-coltector outputs A3 1 4 a4 | 16 6 | 
Typical address access time A4 —— 
58 ns pg 
Typical power ... 600 mW AG 

A7 8 AO 20 G1 
A8 8 9 Qo | 21 Ga | 
= ingot ones | 


G1 For chip carrier options and information, 
See Page 2-7 contact the factory. 


TBP24S10 i pin assignments 


PROGRAMMABLE READ-ONLY PROM 256 X 4 
MEMORIES 0 


256 X 4 
Three-state outputs 
Typical address access time 
. 35 ns 
Typical select time... 20 ns 
Typical power... 375 mW 


See Page 2- 


T B p 24SA10 i pin assignments 


PROGRAMMABLE READ-ONLY PROM 256 X 4 
MEMORIES 


256 X 4 


Open-collector outputs 


Typical address access time 

. 35ns 
Typical select time... 20ns 
Typical power ...375 mW 





See Page 2-13 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 
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TEXAS INSTRUMENTS 8-175 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


TBP24S41 ('S476) logic symbolt 


PROGRAMMABLE READ-ONLY ‘PROM 1024 X4 [ 3, N PACKAGES _| 


MEMORIES 11 AG | 


fs |10 G2 
[2 As [11 a3 | 
© 1024X4 [3 Aa [12 2 | 
e Three-state outputs | 14 a3 [13 a1 | 
@ Typical address access time [5 Ao |14 Go | 
: Pe Ar [15 a9 

9 


3°A 
...40 ns 0 : 
Typical select time... 20 ns 1023 16_A8 
17_A7 


For chip carrier options and information, 
contact the factory. 


Typicat power ...475 mW 





See Page 2-13 


T B Pp 24SA4l1 (S477) logic symbolt pin assignments. 


PROGRAMMABLE READ-ONLY PROM 1024 X 4 
MEMORIES (5) fo 


1024 X 4 

Open-collector outputs 

Typical address access time 
-..40ns 

Typical select time... 20 ns 

Typical power ...475 mW 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 


TBP24S81 ('S454) pin assignments 
TBP24S81-55 PROM 2048 X 4 


0 
PROGRAMMABLE READ-ONLY 


MEMORIES 
2048 X 4 
Three-state outputs 
Typical address access time 
..-45 Ns 
TBP24S81-55 maximum 


address access time... 55 ns For chip carrier options and information, 
Typical select time ... 20 ns , contact the factory. 


Typical power... 625 mW 


See Page 2-13 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 


SR SN NN a a ee 


8-176 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


TB P24SA81 | ("S45 5 ) logic symboit pin assignments 
TBP24SA81-55 PROM BDHB XA 


(5) 
PROGRAMMABLE READ-ONLY : rz 
MEMORIES 
e 2048 X4 
Open-collector outputs 
Typical address access time 0 os 
...45ns 
For chip carrier options and information, 
Typical select time... 20 ns contact the factory. 
Typical power... 625 mW 


TBP24SA81-55 maximum 
address access time... 55 ns 


See Page 2-13 


TB P28L22 pin assignments 


LOW-POWER PROGRAMMABLE 


READ-ONLY MEMORIES }11 Q4 | 
}12 QS | 


256 X8 
Sinner Pa a2 [1306 
ree-state outputs 14 AS 
4 A3 14 Q7 


Typical address access time 0 


45. rs_00 [16 G2 
Typical select time... 20 ns 


Typical power ...375 mW ears al 





For chip carrier options and information, 
contact the factory. 


See Page 2-13 


TBP28 LA22 pin assignments 


LOW-POWER PROGRAMMABLE | _J,NPACKAGES | 
READ-ONLY MEMORIES | | 1 AO fit a4 | 
penayie } 2 At [12 a5 | 

|}. 3 A2 [13 O6_ 


Open-collector outputs 14. Q7 
0 


Typical address access time 
...45ns 

Typical select time... 20 ns 

Typical power... 375 mW 


See Page 2-13 


tT Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 


rs as [s6 S1 
60 [16 G2 | 
[10 Gnd] 20_Vec 


For chip carrier options and information, 
contact the factory. 








TEXAS INSTRUMENTS 
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8-177 





PRODUCT GUIDE 


TB P?2 8 142 logic symbolt pin assignments 


LOW-POWER PROGRAMMABLE FROM OIE XS 


READ-ONLY MEMORIES 
e@ 512X8 
Three-state outputs 


(1) 


Typical address access time 
..,60ns 

Typical select time... 30ns 

Typical power... 250 mW 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 


T B P 2 8 L45 logic symbolt pin assignments 
TBP28L46 isi PROM 512 X8 


AQ 
LOW-POWER PROGRAMMABLE re 


READ-ONLY MEMORIES A2 
A3 
A4 


; A5 
Typical address access time AG 


...60ns 
Typical select time... 30ns 


e 512X8 
Three-state outputs 


Typical power... 250 mW 


For chip carrier options and information, 
contact the factory. 


TBP28L85 


LOW-POWER PROGRAMMABLE 
READ-ONLY MEMORIES 


1024 X8 
Three-state outputs 


0 


Typical address access time 
... 65 ns 

Typical select time... 30ns 

Typical power... 275 mW 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 





8.178 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


TB P2 8 L8 6 ("LS478) logic symbolt | pin assignments 


LOW-POWER PROGRAMMABLE PROM 1024 X 8 


READ-ONLY MEMORIES 0 
1024 X8 
Three-state outputs 
Typical address access 
A 
9 


for toa] 


ae 
1023 


address time... 80 ns 


~ 


Typical select time... 35 ns 


ioe) 


Typical power... 350 mW 


12 GND| 24 Veq 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 


Pin assignments 
TBP28L166 | 


LOW-POWER PROGRAMMABLE 
READ-ONLY MEMORIES 


2048 X 8 
Three-state outputs 


Typical address access time 
...65ns 
Typical select time... 30 ns 
Typical power... 350 mW [9 0 [21 A10, 
io a1 _| 22 ag | 


For chip carrier options and information, 
contact the factory. 


(8) 


See Page 2-13 


TBP28P42 pin assignments 


POWER-DOWN PROGRAMMABLE a 
READ-ONLY MEMORIES L 


2 12 Q5 


Three-state outputs 4 14 Q7 





Typical address access time 5 AG 15 E 


... 35ns | 6 QO | 16 AS 
Typical select time... 55 ns. 17 AG 
Typi 50 

ypical power .. . 500/60 mW aa eke 

ed 


For chip carrier options and information, 
contact the factory. 





See Page 2-13 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8.179 


INCORPORATED 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


TBP28P45 logic symbolt pin assignments 


POWER-DOWN PROGRAMMABLE PROM 512 X8 | _J,N PACKAGES | 
READ-ONLY MEMORIES ie) 
12 AG | A6 114 4 | 

2 512x8 | Pans [1505 
® Three-state outputs | 4 a4 [16 Q6 | 
@ Multiple enables 
e Typical address access time , | 6 A2 [18 €2 | 
ais 

a | 8 Ao | 20 E1_ 
Typical select time... 55 ns [9 a0 121 €a | 
Typical power... 500/60 mW 10 Qt | 22 ne 


For chip carrier options and information, 





See Page 2-13 contact the factory. 


TBP28 P85 pin assignments 


POWER-DOWN PROGRAMMABLE 
READ-ONLY MEMORIES 
® 1024X8 
Three-state outputs 
Typical address access time 
... 35 NS 
Typical select time... 55 ns 


Typical power... 500/60 mw 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 


TBP28P166 pin assignments 


POWER-DOWN PROGRAMMABLE 
READ-ONLY MEMORIES 
2048 X 8 
Three-state outputs 
Typical address access time 
...35 Ns 
Typical power .. . 650/125 mW 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 





T Pin numbers shown on logic symbols are for J and N packages only. 
nc — no internal connection. 





8-180 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


T B P 2 8 R 4 5 logic symbolt pin assignments 


REGISTERED PROGRAMMABLE PROM 512 X 8 
READ-ONLY MEMORIES AQ 


Al 

512 X8 
A2 
Three-state outputs A3 
Typical clock-to-output time Ad 
... 20S AS 
Typical! address setup time AG 
...20ns AT 


Typical power... 550 mW A8 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 


T BP2 8 R 8 5 logic symbolt pin assignments 


REGISTERED PROGRAMMABLE PROM 1024 X 8 


READ-OUT MEMORIES 0 
1024 X8 
Three-state outputs 
Typical clock-to-output time 
A 
9 


—o_ 
... 20s 1023 
Typical address setup time 

...20ns 


Typical power... 600 mW 





For chip carrier options and information, 
contact the factory. 





See Page 2-13 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection, 





TEXAS INSTRUMENTS 8-181 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


TB P 2 8 R16 5 logic symbol pin assignments 


REGISTERED PROGRAMMABLE PROM 2048 X 8 
READ-ONLY MEMORIES + 1X8 
WITH INITIALIZE 


@ Single dedicated input provides 
Output initialize to user- 
Programmed preset, clear, 

Or any state 


aes 
Three-state outputs Mo a1 
142 _| 


Typical clock-to-output time 


Al [23 A8 | 
1.208 : 


Typi ddress setup time p : : ‘ 
ypical address P For chip carrier options and information, 


...20ns | contact the factory. 
. Typical power... 700 mW a 


See Page 2-13 





T Pin numbers shown on fogic symbols are for J and N packages only. 
nc — no internal connection, 





8-182 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


TBP28 R166 logic symbolt pin assignments 


REGISTERED PROGRAMMABLE PROM 2048 X 8 
READ-ONLY MEMORIES AO 0 
Ai 12 AB 114 a4 | 
2048 X 8 ae [3 as [15 05 | 
Three-state outputs A3 14 A4 116 Q6 | 
Typical clock-to-output time A4 
20s re F Pé_a2_|18 CLK 
Typicat address setup time AG 
suas . [soo [21 ano] 
Typical power... 700 mW A8& Ho a1 [22 a9 | 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 


TB P2 8 S42 logic symbol? pin assignments 


J, NPACKAGES 


p11 04 | 

[2 At | 12 05 | 

13_06 
Q3 


PROGRAMMABLE READ-ONLY 
MEMORIES (1) 


512X8 
Three-state outputs 


14_Q7 
Typical address access time 
4.030 NS 


Typical select time ... 20 ns 


re ao [16 Aa | 


Typical power... 500 mW 





For chip carrier options and information, 
contact the factory. 


See Page 2-13 





T Pin numbers shawn on fogic symbols are for J and N packages only. 
nc — no internal connection. 
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TEXAS INSTRUMENTS 8-183 


INCORPORATED 
POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


PRODUCT GUIDE 


logic symbolt 


TBP28SA42 


PROGRAMMABLE READ-ONLY 
MEMORIES (1) 


512 X8 . 
Open-collector outputs 


pin assignments 


PROM 512 X 8 


Typical address access time 
...35Nns . 

Typical select time... 20 ns 

Typical power... 500 mW | 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 


logic symbolt pin assignments 


TBP28S45 PROM 512 X8 
TB P28S46 AO (8) , J,N PACKAGES 


PROGRAMMABLE READ-ONLY Al 
MEMORIES Az 


A3 
ice aa at 5_AS 
Three-state outputs 


AS 
Typical address access time AG 19 G3 


... 35 ns A7 

Typical select time ... 20 ns A8 
Typical power... 500 mW G4 | peat! 
a 


G1 For chip carrier options and information, 


contact the factory, 
See Page 2-13 


logic symbo!t 


TBP28SA46 


PROGRAMMABLE READ-ONLY 


pin assignments 


PROM 512 X 8 


. | 2 A6 | 
512X8 | 3 AS | 


Open-collector outputs 


Typical address access time 
,.. 35 NS 

Typical select time... 20 ns 

Typical power... 500 mW 


(8) | 41 A7 113 Q3 | 
MEMORIES 
1 


7 QQ? 


20 G1 


[4 Aa 
[5 A3 | 
[6 A2 | 
| 8 Ao | 20 Gi | 
j10_at_| 22 ne | 


1 A? 
3 AS 
5 A3 
6 A2 
8 AO 
|g a0 | 
[11 Q2_ | 23 8 | 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 





8-184 . TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


TBP28S85 


PROGRAMMABLE READ-ONLY 
MEMORIES 


logic symbolt 


PROM 1024 X 8 
(8) 


PRODUCT GUIDE 


pin assignments 


Typical address access time 
.., dons 
Typical select time ...15 ns 


Three-state outputs 
| 9 co [21 Ga | 
}10_a1_ [22 a9 | 


[1102 [23 8 | 


For chip carrier options and information, 
contact the factory. 


Typical power... 550 mW 


. | | 2 AG [14 G4 | 
1024 X8 | 3 as [15 O5 | 
/16_6 | 
0 
A 5023 
9 


See Page 2-13 


T B P 2 8 S 8 6 ( ‘S478) logic symbolt : pin assignments 
| JN PACKAGES 


A? [13 03 
2 a6 | 1404 | 


TBP28S86-60 PROM 1024 X68 


PROGRAMMABLE READ-ONLY (8) 0 
MEMORIES 
1024 X8 
Three-state outputs 0 
P 1023 
9 


Typical address access time 
... 45ns 

TBP28S86-60 maximum 
address access time... 60 ns 





For chip carrier options and information, 
contact the factory. 


Typical select time... 20 ns 
Typical power... 625 mW 





See Page 2-13 


TBP28SA86 ('S479) | pin assignments 
TBP28SA86-60 


PROGRAMMABLE READ-ONLY 
MEMORIES 


1024 X 8 
Open-collector outputs 


0 





Typical address access time 
...45ns 

TBP28SA86-60 maximum 
address access time... 60 ns 

Typical select time... 20ns 


Typical PeWer 2 ZCoa my For chip carrier options and information, 


contact the factory. 


See Page 2-13 





t Pin numbers shown on logic symbols are for J and N packages only. 
ne — no internal connection. 





TEXAS INSTRUMENTS 8.185 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PRODUCT GUIDE 


TBP28S166 esickvinbclt | pin assignments 


PROGRAMMABLE READ-ONLY 
MEMORIES 


PROM 2048 X 8 


2048 X8 

Three-state outputs 

Typical address access time 
... J5ns 

Typical select time... 15 ns 

Typical power... 650 mW 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 


TBP28SA166 een 


PROGRAMMABLE READ-ONLY 
MEMORIES 
@ 2048 X8 
@ Open-collector outputs 
e@ Typical address access time 
... 35Nns 
Typical select time... 15 ns 
Typical power... 650 mW 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 


TBP28S2708 ('S2708) pin assignments 


PROGRAMMABLE READ-ONLY PROM 1024 X 8 
MEMORIES 

1024 X 8 

Three-state outputs 

Typical address access time 

...45ns 
Typica! select time... 20 ns 
Typical power... 625 mW 


For chip carrier options and information, 
contact the factory. 


See Page 2-13 





T Pin numbers shown on logic symbols are for J and N packages only. 
ne — nointernal connection. 





8-186 TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


PRODUCT GUIDE 





TIM 8228 is the same as SN748428 
TIM 8238 is the same as SN748438 
TINMI99055 is the same as SN74LS251 
TINMI9906 is the same as SN74LS259 
TIM 9907 is the same as sN74148 


Ti M 9908 is the same as SN74LS348 





TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


8-187 





8-188 


MECHANICAL 
DATA 





9-2 


ee ee a SN SS EL SE a Sea aE a a Sa a a ES ST, 
ORDERING INSTRUCTIONS 

Orders for devices from this book should include the package outline letter(s) at the end of the type number. 
Examples: SN54S482J, SN74S740N 


It is necessary to use only the first letter of the package type (J or N) unless the device is available in more than one 
type of J (dual-in-line ceramic) package, or in more than one type of N (dual-in-line plastic) package. 


Special ordering instructions for programmable read-only memories (PROMs) are found on page 2-2. 








TEXAS INSTRUMENTS 9.3 


INCORPORATED 
POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


MECHANICAL DATA 





J ceramic packages (including JT and JW dual-in-line and JO quad-in-line packages) 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 16-, 18-, 20-, 24-, 28-, or 48- 
lead frame. Hermetic sealing is accomplished with glass. The JT packages are intended for insertion in mounting-hole 
rows on 0.300 (7,62) centers, JW packages for mounting-hole rows on 0.600 (15,24) centers, and the JO quad-in-line 
package for mounting-hole rows on 0.600 (15,24) and 0.800 (20,32) centers. Once the leads are compressed and in- 
serted sufficient tension is provided to secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) 
leads require no additional cleaning or processing when used in soldered assembly. 


NOTE: For the 16-, 28-, and 20-pin packages, the letter J is used by itself since these packages are available only in the 0.300 (7,62) row 
spacing. For the 24-pin packages, if no second letter nor row spacing is specified, the package is assumed to have 0,600 (15,24) row 
spacing. 


16-PIN J CERAMIC 


0.785 (20,0) 
0.755 (19,1) 


Poo 


0.025 (0,63) R NOM 
0.310 (7,88) 
0.290 (7,36) 
0.280 (7,11) 


0.245 (6,22) Q) @) @) @) ©) ©) @ 


0.050 (1,27) NOM 0.070 (1,78) MAX 16 PLACES 


GLASS 
0.200 (5,08) SEALANT 


- SEATING PLANE 
0.030 (0,76) MIN 
16 PLACES 12 PLACES 
2.918 ea 0.130 (3,30) 0.023 (0,584) 46 paces 
wa 008 (0, MIN 0.015 (0,381) 
16 PLACES 
0.012 (0,304) MIN . 
4 PLACES 0.050 (1,27) 


PIN SPACING 0.100 (2,54) T.P. 0.015 (0,38) 
(See Note b) 


4 PLACES 





NOTES: a. Als dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern, 
b. Each pin centertine is located within 0.010 (0,26) of its true longitudinal position. 


i a RE a TT Et ene nee eT aN 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OF FICE BOX 225012 @ DALLAS, TEXAS 75265 


MECHANICAL DATA 





J ceramic packages (continued) 


18-PIN J CERAMIC 


0.920 (23,4) MAX 


OOO OQOOOOO 


0.025 (0,63) R NOM 
0.310 (7,88) 


CEE ens aaiianaihd 


0.290 (7,36) 


dza5 6-22} OOOOOOOO® 


0.070 (1,78) 
0.020 (0,51) 0.030 (0°76) MAX 20 PLACES 


0.050 (7,27) NOM MIN 
GLASS 
SEALANT 


0.200 (5,08) 
MAX 


SEATING PLANE 


le 0.030 (0,76) MIN 
24 PLACES 


20 PLACES 
0.014 (0,356) 0.130 (3,30 0.023 (0,584) 
_o\ 0.008 (0,203) a —| -$a1e (0,387) 24 PLACES 
20 PLACES 
PIN SPACING 0.100 (2,54) T.P. 


0.100 (2,54) MAX (See Note b) 


4 PLACES 









20-PIN J CERAMIC 






0.975 (24,8) 


| 0.930 (23,6) | 


2 © GOOOOOOY 







0.025 (0,63) R NOM 







0.310 (7,88) 
0.290 (7,36) 










0.300 (7,62) 


0.245 (6.22) OO OOOOOOO® 


0.020 (0,51) 
= 0.050 (1,27) NOM 
0.200 (5,08) 


MIN 
MAX 
——_ SEATING PLANE 
0.130 (3,30) 


MIN 


















0.070 (1,78) MAX 20 PLACES 










GLASS 
SEALANT 











0.030 (0,76) MIN 
16 PLACES 




















ZO EACES 0.014 (0,356) 
_wike—sa08 (0,203) 0.012 (0,304) mina EERE 20 PLACES 
20 PLACES . 4&PLACES - ice oe 
ea 4 PLACES 






0.015 (0,38) 





PIN SPACING 0,100 (2,54) T. P. 
{See Note b} 






NOTES: a. Alli dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern, 
b. Each pin centerline is located within 0,010 (0,26) of its true longitudinal position. 
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24-PIN JT CERAMIC, 0.300 (7,62) ROW SPACING 


1.250 (31,8) MAX 


QOOOOOOD OOOOU® 


0.025 (0,63) R NOM 


0.325 (8,26) MAX 


0.300 (7,62) 
0.245 (6,22) 


0.050 (1,27) NOM 


SEATING PLANE 


24 PLACES 


0.014 (0,356) 
0.008 (0,203) 


24 PLACES 


OOOOOOOOOOO® 


0.020 (0,51) 
MIN 0.070 (1,78) 


0.030 (0,76) 24 PLACES 


GLASS 
SEALANT 
0.200 (5,08) 

MAX 


be 0.030 (0,76) MIN 
24 PLACES 


0.023 (0,584) 


0.015 (0.381) 27 PLACES 


0.130 (3,30) —+ 
MIN 


PIN SPACING 0.100 (2,54) T. P. 


0.100 (2,54) MAX (See Note b) 


4PLACES 





NOTES: a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern, 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 
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24-PIN JW CERAMIC, 0.600 (15,24) ROW SPACING 


1.290 (32,8) 
1.235 (31,3) 


BODO BADOM OO OOYUS 


0.025 (0,63) R 
NOM 


0.600 + 0.010 AO@O@aO®O @O® ® @@® 


(15,24 + 0.26) 0.560 (14,22) 
0.515 (13,09) 0.075 (1,91) 
0.050 (1,27) NOM {0.050 (1,27) (1,27) 0.070 (1,78) MAX 24 PLACES-+«= 


GLASS SEALANT 


See ee ao5e 5.72) 
TT ODOT oOoO ooo J o150(3.87) 
-SEATING erika eee 
105" 24 PLAC 
7) ES 0.070 (1,78) 
90 ————_————— 0.160 (4,07) 


0.010 + 0.002 >< 0.020 (0,51) 0.125 (3,17) 
(0,254 + 0,051) 0.018 + 0.002 0.028 (0,71) MIN 0.100 (2,54) 


24 PLACES (0,457 + 0.051) 24 PLACES 0.060 (1.52) 4 PLACES 
24 PLACES 


24 PLACES 





PIN SPACING 0.100 (2,54) T.P. 
(See Note b) 





. All dimensions are shown in inches (and parenthetically in millimeters for reference onty). Inch dimensions govern, 
b. Each pin centerline is fjocated within 0.010 (0,26) of its true longitudinal position. 
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05 
90° 28 PLACES 0.070 (1.78) 


28-PIN J CERAMIC 


1.290 (32,8 
1.235 (31,3) 


BD MMOS OOODYIOOO® 


0.025 (0,63) R 
NOM 


9.600 + 0.010 YADQDOOOO OOQODANOO® 
: arte 
—0.050 (1,27) NOM Fo.080 on 


GLASS SEALANT 


0.070 (1,78) MAX 28 PLACES—>| je 
0.225 (5,72) 


0.150 (3,81) 
SEATING PLANE 


0.160 (4,07 
0.010 + 0.002 —>4\«- eee Bae 1a17) 28 PLACES 
(0,254 + 0,051) 0.018 + 0.002 0.028 (0,71) MIN 1 9.400 (2.54) 

28 PLACES (0,457 + 0,051) 28 PLACES - ; 4 PLACES 





28 PLACES 0.060 (7,52) 


PIN SPACING 0.100 (2,54) T.P. 
(See Note b) 





(panuljuod) sabesed dwesa9 ¢ 
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NOTES: a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 
b. Each pin centertine is located within 0.010 (0,26) of its true longitudinal position. 
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48-PIN JO CERAMIC 


O; Baia © 


[eho 100 (2,54) T.P. 
22 PLACES leaf 0. PLACES 


oe : saat | Seeore el 1,295 (32,90) (See Note b} 
515 (13,08) — 7.235 (31,37) | 


0.225 ee 0.225 (5,72) 
0.150 cat ale nl al i 
——}|—SEATING nave tL 
0.100 oe aaa '54) MIN i 


0.600 (15,24) T.P. | : | . 0.020 (0 a] 
12 PLACES 0.015 (0, sa 


(48 PINS) 





0.030 (0,76) MIN 
0.800 (20,32) T.P. (4 PLACES) 
12 PLACES 





All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 
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MECHANICAL DATA 





N plastic packages (including NT and NW dual-in-line packages) 


These dual-in-line packages consist of a circuit mounted on a 16-, 18-, 20-, 24-, or 28-pin lead frame and encapsulated 
within an electrically nonconductive plastic compound. The compound will withstand soldering temperature with no 
deformation and circuit performance characteristics remain stable when operated in high-humidity conditions. The 
packages are intended for insertion in mounting-hole rows on 0.300 (7,62) centers for the NT packages and on 0.600 
(15,24) centers for the NW packages. Once the leads are compressed and inserted, sufficient tension is provided to secure 
the package in the board during soldering. Leads require no additional cleaning or processing when used in soldered 
assembly. 


NOTE: For the 16-, 18-, 20-, and 28-pin packages, the letter N is used by itself since these packages are available in only one row-spacing 
width — 0.300 (7,62) for the 16-, 18-, and 20-pin packages and 0.600 (15,24) for the 28-pin package, For the 24-pin package, if no 
second letter nor row spacing is specified, the package is assumed to have 0.600 (15,24) row spacing. 


16-PIN N PLASTIC 


0.870 (22,1) MAX 


OOO OOMOO® 


0.300 + 0.010 0.093 (2,36) R NOM 


(7,62 + 0,26) 0.160 (4,06) NOM 
0.250 + 0.010 


(6,35 + 0,26) ADA®D@OOOO® 
0.080 (2,03) NOM —>{ f+ 0.070 (1,78) MAX 16 PLACES 
4 ue WER XLT] 
0.010 {0,25} NOM 0.200 (5, 08) MAX 


MIN 


—SEATING PLANE 
105° 0.033 (0,83) MIN 
; 16 PLACES 


16 PLACES 
(See Notes c and d) 


16 PLACES | \\- 0.011 + 0.003 >| |e- 0.018 + 0,003 
(0,279 + 0,076) 0.125 (3,17) MIN (0,457 + 0,076) 
16 PLACES | 


(See Notes c and d) 0.095 (2,41) 
DO1G 028) PIN SPACING 0.100 (2,54) T.P. 
a ia (See Note b) 


ALTERNATE SIDE VIEW 
Package configuration of —> }e—-0.070 (1,78) MAX 16 PLACES 
16-pin N package (see 0.020 {0,51 


alternative sideviews) is MIN 
at the option of TI. 0.200 (5,08) MAX 


0.033 (0,83) MIN 
12 PLACES 


0.125 (3,17) MIN Le 0.018 #0.003 
(0,457 + 0,076) 
0.095 (2,41) 16 PLACES 


0.015 (0,38) PIN SPACING 0.100 (2,54) T.P. (See Notes c and d) 
eEEnCks {See Note b) 





NOTES: a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern, 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 
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N plastic packages (continued) 


q 


0.300 + 0.010 
{7,62 + 0,26) 


0.275 (6,99) MAX 


0.080 (2,03) NOM 


C 0.010 (0,25) NOM 


18-PIN N PLASTIC 


0.920 (23,4) MAX 


OOOOOOOO® 


0,093 (2,36) R NOM 
0.160 (4,06) NOM 


OOMOOOOOO® 


>| be 5035 (0:76) 1,78) max 20 PLACES 


0.035 (0,76) 
, 0.020 (0,51) 


0.200 (6,08) MAx = MIN 


—— SEATING PLANE 


105° 
90° 


20 PLACES 


a\e 0.011 + 0.003 
(0,279 + 0,076) 
20 PLACES 
(See Notes c and d) 


>| be- 0.035 (0,76) MIN 


20 PLACES 


—| pe— 0.018 + 0.003 


(0,457 + 0,076) 
20PLACES 
(See Notes c and d) 


Lf 


PIN SPACING 0,100 (2,54) T.P. 
(See Note b) 


0.125 (3,17) MIN 
0.075 (1,91) 


0.009 (0,22) 
4 PLACES 


20-PIN N PLASTIC 
1,070 (27,2) 
0.920 (23,3) 


OODOOODOOOO® 


0.093 (2,36) R NOM 


0.300 + 0.010 
(7,62 + 0,26) 


0.275 (6,99) MAX 


0.080 (2,03) NOM 


0.010 (0,25) NOM 


0.160 (4,06) NOM 


OOOOOOOOO® 


|. 0.070 (1,78) MAX 20 PLACES 


0.020 ~ Kh "9.020 (0,51) 51) 
0.200 (5,08) MAX are 
— SEATING PLANE 
90° .033 (0,83) MIN 
BAT iApES 20 PLACES 


a\\* 0.011 £0,003 
(0,279 + 0,076) 
20 PLACES 
(See Notes c and d) 


0.200 (5,08) MAX 


Package configuration of 
20-pin N package (see 
alternative sideviews) is 
at the option of Ti. 





NOTES: a. 


0.155 (3,94) 
0.125 (3,17) 


0.075 (1,91) 
0.009 (0,22) (0,22) 
4 PLACES 


0.155 (3,94) 
0.125 (3,17} 


0.075 (1,91} 
0.009 (0,22) 
4 PLACES 


All dimensions are shown in inches (and parenthetically in millimeters for reference only). 


je—— 0. 018 + 0.003 
{0,457 + 0,076) 


20 PLACES 
(See Notes c and d)} 


i PIN SPACING 0.100 (2,54) T.P. 
(See Note b) 


ALTERNATE SIDE VIEW 
0.070 (1,78) MAX 20 PLACES 


0.020 (0,51) 
MIN 


> 0.033 (0,83) MIN 
16 PLACES 


ica 0.018 + 0.003 


{0,457 + 0,076) 
20 PLACES 
{See Notes c and d) 


Minn 


PIN SPACING 0.100 (2,54) T.P. 
(See Note b) 


Inch dimensions govern, 


Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 
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NOTES: 


24-PIN NT PLASTIC, 0.300 (7,62) ROW SPACING 


1.250 (31,8) MAX 


HOQOOOOQOOOO® 


0.093 (2,36) R NOM 


0.310 + 0.010 
(7.87 + 0.26) 0.160 (4,06) NOM 


mem ~ — MOOOOOOOOOO® 


0.015 (0,38) 
MIN 
0.080 (2,03) NOM 0.070 (1,78) a 
—>| I~ 0.033 (0.83) 24 PLACES 


Tai 


0.010 (0,25) NOM 0.200 (5,08) 
~ MAX 


——— SEATING PLANE 


igi 
90° 
24 PLACES 


> 0.0112 0.003 0.125 (3,17) MIN 
(0,279 + 0,076) 
24 PLACES 


0.085 (2,16) MAX 
4 PLACES PIN SPACING 0.100 (2,54) T.P. 


(See Note b) 


a. Atl dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position, 


i 





TT 
mii oeetaees™ 


—»| ks— 0.018: 0.003 


(0,457 + 0,076) 
24 PLACES 
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NOTES: 


24-PIN NW PLASTIC, 0.600 (15,24) ROW SPACING 


1.310 (33,3) MAX 


BDYOQV™DD OO OOOYU® 


0.093 (2,36) R NOM 


¢ 0.110 (2,79) NOM 
0.600 + 0.010 


(15,24 + 0,26) 


0.550 (13.97) YVDA®O@OOOMD@OOQWOY® 


0.080 (2,03) NOM 


0.010 (0,25) NOM 
in 2 


- e 0.070 (1.78) MAX 24 PLACES 


as ae 
| 1 — — — — — = — =. — om = — 


0.200 (5,08) MAX 


° 0.020 (0,51) MIN 
we 24 PLACES en 


0.011 + 0.003 —*\\*— 0.033 (0,83) MIN 0.125 (3.17) MIN 
(0,279 + 0,076) J 24 PLACES x 24 PLACES 
24 PLACES 0.018 + 0.003 0.095 (2,42) MAX 
(See Notes c and d) (0,457 + 0,076) | 4 PLACES 

24 PLACES PIN SPACING 0.100 (2,54) T.P. 


(See Notes c and d) (See Note b) 





a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern, 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 
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NOTES: 


28-PIN N PLASTIC 


1.440 (36,6) MAX 


EITHER 
INDEX 


0.600 + 0.010 
(15,24 + 0,26) 


0.020 (0,50) 
MIN 


——— SEATING PLANE a a 


0.011 + 0.003 
(0,279 +0,076) 9-018 + 0.003 ~ le 
(0,46 + 0,08) 
PIN SPACING 0.100 (2,54) T.P. 
(See Note a) 


a. All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudina! position. 


0.200 (5,08) MAX 


0.125 (3,17) MIN 


0.033 (0,83) MIN 





0.060 (1,52) NOM 


0.050 + 0.020 
(1,27 + 0,51) 
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CHIP CARRIER MECHANICAL DATA 





FN plastic chip carrier package 
Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound withstands soldering temperatures with no deformation, and circuit 
performance characteristics remain stable when the devices are operated in high-humidity conditions. The packages are 
intended for surface mounting on solder lands on 0.050-inch centers. Leads require no additional cleaning or processing 
when used in soldered assembly. 


The following bipolar digital device families will be offered in these plastic chip carrier packages: Advanced Schottky 
and Advanced Low-Power Schottky, all bipolar PROMs, some Schottky and some Low-Power Schottky. 


Products in design will be offered in 44-lead (MSO07AB), 52-lead (MSO07AC), and 68-lead (MSOO7AD) packages. 
FN PLASTIC CHIP CARRIER PACKAGE 
(28-terminal package shown) 








JEDEC 
OUTLINE 


NO. OF A Cc 
DESIGNATION® | TERMINALS MIN MAX MIN MAX 
940 10,41 8.64 9,14 6,35 6,48 
a a (0.370) (0.410) | (0.340) (0.360) } (0.250) (0.255) 
| soon | 28 | 11,94 12,95 11,18 11,68 8,76 9,02 
MSOO7AA 


(0.470) (0.440) 
*All dimensions and notes for the specified JEDEC outline apply. 












(0.510) (0.460) } (0.345) (0.355) 





SEATING PLANE 








4,45 (0.175) 
3,94 (0.155) 






















3,30 (0.130) __ 
tee ogc) 3 CORNERS 2,29 (0.090) 
1,40 (0.055) 3. CORNERS 1,02 (0.040) 1,14 (0.045) 
~ 0,89 (0. 035) 0 0,25 (0. 010) aa 0,76 (0.030) 
ULF esese 02 (0.040) 
0,25 (0.010) 
0,69 (0.027) 
| MAX 
oh —f ae. 
mal 0,33 (0.013)_4 
I cease: = | 
ae ae [oom 
imag ae | 
fe 
— — 1,27 (0.050) 
f= TP, 


ii 






= 





1,52 (0.060) 


1,14 (0.045) _t\ 


0,76 10.030) | 
0,25 (0.010) 


hele 





NOTE: Dimensions are in millimeters and (inches). ‘ 
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FC and FD ceramic chip carrier packages 


Both versions of these hermetically sealed chip carrier packages have ceramic bases. The FC package has a single-layer 
base with a ceramic lid and glass seal. The FD package has a three-layer base with either a metal lid and braze seal or a 
ceramic lid and glass seal, at the option of Texas Instruments. 


The packages are intended for surface mounting on solder lands on 0.050-inch centers. Terminals require no additional 
cleaning or processing when used in soldered assembly. 


The full-military-temperature-range versions of the following bipolar digital device families will be offered in these or 
similar ceramic chip carrier packages: Advanced Low-Power Schottky, PROMs and RAMs, and certain memory support 
functions (i.e., ‘S225, 184A, 185, 284, 285 and ‘LS630). 


Products in design will be offered in 44-terminal (MSOO4CD), 52-terminal (MSOO4CE), 68-terminal (MSOO4CF), and 
84-terminal (MSO04CG) packages. 


FC AND FD CERAMIC CHIP CARRIER PACKAGES 
(28-terminal package shown) 


CERAMIC CHIP CARRIERS 
JEDEC NUMBER 
OUTLINE OF B c 
DESIGNATION* | TERMINALS MIN MAX MIN MAX 
8.69 9,09 7.8 91 1,6 25 
mesetee (0.342) (0.358) | (0.307) _ (0.358) | (0.064) _ (0.100) 
11.23. 11,63 10,3 116 16 2.5 
MS004CC |e | (0.442) (0.458) | (0.406) (0.458) | (0.064) (0.100 




















16,26 16,76 12,6 14,2 1,8 3,0 
MS004CD (0.640) _ (0.660) _| (0.495) (0.560) | (0.069) (0.120) 
ReAOIEE 23,83 24,43 12,6 21,9 2,1 3,0 


(0.938) (0.082) (0.120) 
INDEX CORNER * All dimensions and notes for the specified JEDEC outline apply. 


(0.962) | (0.495) (0.862) 





26 27 28 1 2 3 4 























0,51 (0.020) FC FD 
0,25 (0.010) " 

<P Pa y 

Ry P f 0,51 (0.020) a 

0,25 (0.010) S 

RS 

|_| 

R 

| 

& 

| 

> 

a 

1,40 (0.055) [ cl 

1,14 (0.045) ey 1,14 (0.045) a 
s ¥ 0,89 (0.035) 
AREARRE i 4 
0,99 (0.039) ig 2,54 (0.100) 2,54 (0.100) 
0.84 10030), - We? 00s) 1,14 10.046) | 1,63 (0.064) wel 7.63 (0.064) 
89 (0.035 


All dimensions are in millimeters and parenthetically in inches. 
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FE ceramic chip carrier packages 


Each of these hermetically sealed leadless chip carrier packages has a metal cap, a 3-layer ceramic base, and a brazed 
seal. The packages are intended for surface mounting on solder lands on 0.050-inch centers. Terminals require no 
additional cleaning or processing when used in soldered assembly. 


The full-military-temperature-range versions of the following memories will be offered in these or similar ceramic chip 


carrier packages: PROMs, SRAMs, DRAMs, and EPROMs. 


RECTANGULAR FE CERAMIC CHIP CARRIER PACKAGE 
(28-terminal package shown) 







Al 


B1 
15 14 13 








17 (16 





12 


11 






10 





OE A2 B1 B2 
TERMINALS MIN MAX MIN MAX MIN MAX 


8,76 9,02 13,84 14,10 7,80 7.95 12,88 13,03 1,65 2,01 
(0.345) (0. 355) | (0.545) (0.555) } (0.307) (0.313) | (0.507) (0.513) | (0.065) (0.079) 
ars 12,88 13,03 1,65 2,01 






11,30 11,56 13,84 14,10 10,34 13,03 
(0.445) (0.455) | (0.545) (0.555) | (0.407) (0.513) | (0.507) (0.513) | (0.065) (0.079) 










INDEX CORNER 
27 28 1 #2 «= 3 
1,14 (0,045) 0,64 (0.025) 
0,89 (0.035) 89 (0.035) oer OTe "38 (0.015) 
3 CORNERS 
= ' 


1,14 (0,045) EOS 


0,89 (0.035) 


Pa 64 (0.025) 
0,38 (0.015) 





1,40 (0.055) 


1,14 (0.045) | 7 
0,71 0.025, | =! 1,27 (0.050) 


0,56 (0.022} 





Dimensions are in millimeters and parenthatically in inches. 
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